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OUT major mintaYe in mathematics education

has heen our failure to recognize that we

have not ponnossed the tools needed to do

A good lob in improving mathematics education,

and that in rho course of carrying out our

normal activition an teachers and an

mnthematicians we are not :ikoly to be

provided with these tootc.

P. Res4e 1970

Teaching pvoxzvmp muSt be solved funda-

mentally.

H. Preudenthal 1974
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Teacher education is a key problem of educational reform. ThiS

thesis is basic for a long-term rrscarch and development plan

by the working-group on "training and further education of

mathematics teachers" (Arbeftngruppn "Mathematiklehreraun-

bildung und -weiterbildung") at the Institut ftir Dfdaktik der

Mathematik at Bielefeld. Thin paper is a preliminary collectien

of first results achieved in connection wiLtt the compilation of

a comprehensive documentation on the situation in the training

of mathematics teachers. Above all it is intended to serve as

an orientation for the seminar on "Tendencies and_Problems of

the Training of Mathematics Teachers" at Bielefeld from Dec.2

to 6, 1975.

n the last few years the tmportance of the teacher has

increasingly become the focal point in the process of reforming

schools and instruction methods. Insight into the causes and

the background of the failures of material based curriculum

projects, experience gained in the field of school reform, and

the intensive discussions about a reform of teacher education

at the universities have helped to develop a more refined

understanding of the role of the teacher and the importance Of

teacher education. At the same time central problems in connection

with the basic concept of teacher education have not been solved,

above all the relation of theory and practice of training in tha

scientific, paedagogic and socio-scientifio field,

In this paper we are concerned with the problems of the educt1on

of mathematics teachers in particular. Since the central aspect

of a teacher's job, the adtual teaChing, is a social activity

determined essentially by the subject-matter it is an essential

prerequisite for all theoretical and practical efforts at

reforming teacher education to achieve a clarification of the

conception of the subject o- instruction and its manifold

relations to all aspects the teacher's job.
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On the other hand the problems of the tr ng of mathema ics

teachers cannot be approached from a subje -related angle

only. The significance of teacher training within an

innovation strategy with its social, institutional, and

methodological implications requires an analysis of the

problems at a sufficiently complex level. Vidactics, the

intermediary agent between theory and practice and between

subject-related and social aspects of teaching and Learning

can only fulfil its task if its view of the problems starts

from a sufficiently broad and differentiated basis.

The complex character of mediatorlal _proms in the sphere

of teacher education mentioned above also had its effects on

the structure of this paper. The table of contents is proof

of the variety of fields that information had to be gathered

from. The structure of the paper is caused by the fact that

questions and experiences of central importance always run

against the division of labour as expressed in the individual

academic disciplines or in the distinction between theoretical

and practical work. Nevertheless the individual sections can

each only deal with some aspects of the problems contained in

them.

We hope that this paper, if its characteristics as mentioned

above are taken into account, offers possibilIties for

participation of all the different groups taking an interest

in the training of mathematics teachers. This implies also a

cooperation across the various, often very heteregeneous

theoretical and practical fields of experience. One of the

mE!in difficulties here stems from the necessity to develop a

common view of the problem. This diff culty is increased by

the fact there is a lack of broadness and differentIatIon in

the scientific discussion on teacher education within the

disciplines concerned; this also is one of the main

conclusions of this paper.

Therefore this paper cannot offer an adegus e survey of the

problem area that Would comprise all aspect

8
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intended as the starting point for an exchange of experience.

joint formulation of essential questions would already

constitute a first decisive step. We hope that this paper and

the discussion of it will provide a basis for the development

of a continuous and constructive dialogue between representa-

tives of the theoretical and the practical side and the

working group. Therefore in connection with and subsequent to

this seminar, we will publish a comprehensive documentation,

which this material is based on, together with the papers

delivered at this seminar and the results of our discussions.

Let us now make a few remarks about the structure and contents

of this paper: part 2, following this introduction ("Pr blems

of udational reform") offers first a survey of the literature

on innovation research, which developed as a reaction to the

innovation movements of the last 15 years mainly in the United

States. It deals among others with the relation between

curriculum development and innovation research and with the

importance of the question of problem identification in innova-

tion processes. Following this some contradictions in the

innovation process will be discussed, which often are treated

in the literature available in the form of false alternatives.

Finally some prerequisites for a reform of the teaching of

mathematics are described as e.g. the function of teacher

organisations and the position of mathematics and natural

sciences in the discussion of the concept of general education.

Part 3 ("New forms ror relating theory to practice in_

,acher educe ion") starts from the assumption that

the problem of conveying theoretical knowledge with relevance

to practice and teaching practical skills on a theoretical

background represents the central problem of teacher training.

The development in the Federal Republic in this field took a

different course from that in the United States: while dis-

cussions here concentrated on formulating new concepts for the

9



theoretical aspects of teaching (3.,1) in the United States a

whole variety of different methods and procennes of a

pragmatically oriented teaching of theory and practice have

been developed. As these developments are largely unknown

in the Federal Republic a short description of some special

instruction methods (3.2 - 3.6) and of the Influential

overall concept of "Competency Based Teacher Education"(3.8)

will be presented.3.7 deals with a few problems which are of

central importance in connection with all these concepts and

methods and which refer to the question of how theoretical

and practical aspects have to be taken into account in the

formulation of an adequate concept of teaching.

Part 4 (p_f_gLe_s.s_l_i"Generalrpblenbetween theory

andracticelertrainin") systematically combines the

individual lines of argument drawn before. Starting from the

fact that teacher education and its reform are dependent on

prior normative decisions the question of the definition of

qualification dimensions and the formulation of training

programmes is dealt with. Then the indispensable difference

between theory and practice is discussed,a difference and

distance which should not be abolished but rather made fruit-

ful. And finally we go into the problem of the authorities

engaged in the theoretical and practical side of teacher

training from an administrative and a content -related side.

Part 5 ('Matht Knowledge a_the Training of Teachers e- a ") dealt

with the role of the subject matter in the framework Of the

teacher's job in a comprehensive way; the arguments therefore

very often expliei ly or implicitly refer to other parts of

the paper. rt will be seen from the analysis of generally

proposed wrong alternatives in the didactics of the subject

that the way the problem of the teachet"s function in science

and training is approached is characterized by a subdivision

into social and'contents-related, theoretical and practical

aspects. The thesis will be developed that a synthesis of

4

1 0



those aopeøt In teacher triinlng can oniy ho reached hy

developing an adequate conception of the subj matter,

and some of these conceptions will be discussed. Knowledge

about the origin, the development, the structure, and the

application of knowledge (i.e.'knowledge about knowledge')

is of central Importance to the clarIfIcatIon of the basic

concoitual problems of the teaching of mathematics and the

training of mathematics teachers.

Par 6 "lonclusions") offers prelimInary conclusions in

the form of theses, which can be drawn from the situation

outlined so far. They are conclusions for research and

development as well as for contents end organization of the

training of mathematics teachers. As statements in the

proceeding parts refer to a large extent to experiences in

foreign countri the particular institutional and political

framework and the concept of science in Western Germany is

taken into account In the formulation of this part.
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The development of innovation research ha2 been closely

linked with the speed-up of reforms in tho educational

oertnr following the 110-called 'nbutnik heck' it the

United Utntes. A survey of the 1iterature nrncln cod in L

field leads liave A to the Niatement: "The out (nit of

relevant studies has been increasing at a wiry rapid ra e

over the past de ado. At the date which was arbitarily

chosen an a starting date for the search of major indices
1955, a little over 100 studies appeared, a respectable

but eas ly reviewable number, but by 1964 the figure

was nearly five times as great" (Havelock 1971, p. 1-19).

For the same period of time Brickel. in California finds

in his surveys an enormous increase in the rate of tnnovatton,

in particular as far as the curriculum is concerned: "The

analysis showed that the rate of innovation in the public

schools had more than doubled in the fifteen months following

the launching of the Soviet Sputnik I in October of 1957.

... Changes had swept not only foreign languagen, mathematics,

and science - which had led the field by tripling their

rate of change - but all other subjects, nonacademics as

well as academic, without a single excep ion" Ackel in:

Miles 1964, p. 495).

A typical example is the curriculum of the PSSC fo

physics. Development work on it did not start tIll 1956

and already in 1961 nearly 20% of all secondary schools

in the U$ A used the MSC-materials.

characteristic of th phase of teaching reform

to find a widespread belief in methods of innovation as

developed in the of medicine, agriculture and

industry for the production and

products.

12
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This naive faith in a dArect technological usability of
knowledge for the irraprowaement of the educational system,
its contents, methecMs arid forrna of organization has been
shaken by the pc-er r-esu.its cof the reform measures borne
by it,

"Education, bein..g olve o th ge largest of human enterprise ,

is certainly exiaberinoirig aJJ the pains connected with
the increasIng clement d fr irrprovernents and the meagre
results of large-sca_le vafolrm efforts. In most of the
economically and tecihnolLogially advanced western countries,
we ar7e in the middle of a switch from 'educational optimism'
towar-d ' educational reaMism ( Dalin 1973, p. 24) .

This -means an import.ant shirt of emphasis for innovation
research, which loeconies qui.te eLent when comparing the
topics of two stendaad 1:=Dookm Characteristic of these two_
Eerio-ds, Mathew E. tvtile' "Innovation in Education" (1964)
and tIe OECD-study on "Case Studies of Educational
kmovation" (197 3). IWO-A Miles the emphasis is on
extensive curriculum orcojeca, technological innovations,
admin istrative cliang mni omp.aratively traditional
controversies in teahar edukcat.ion, whereas the OECD-s udy
centres much more on gUeatiabna about the social aspect of
educational refon.n. E6r, ccoplex problems such as the
specific role arid lirnit s. of administrative decisions on
the national, recgional aLnd Local level, the relationship
of politics and ecierice, questions of whether/how to involve
those affected im cuwricaluln decelopinent, the question of
side effects etc- ply a much gxester part . The close lin1c
vith Fractical parobbems Iiib craracterises innovatiOn

eseaxch as applaled wocL al s oieroe is something one was
aware of right flcom he star-tt "no current flurry of
educational chanr-ge in Anetric a offers an excellent opportuni
to stilidy problern of plamned abetters in social systems - an
area where our undertanglinq- is decidedly less than perfect.
(liven an increase in onderstandAng, it seems likely that
T. e may be able tct marnage edu-catlonal innovation somewhat



skillfully than we have in the past" (Miles in:

Miles 1964, p. 2).

What was not realised right from the start, however, was

that this link operates on various levels: on the one

hand through the concern with somewhat technologically

usable knowledge, with strategies, techniques of behaviour,

forms of organization etc., on the other through comprehensive

social and conceptual ideas ef the reform process. If the

first phase of curriculum reform was characterised by an

optimism due to a technocratic view of science, it is now

the secorel sort of reference to reality which forms the

centre of attention.

"Seldmm are the implied ideologies analysed; instead,

the problesseretreatei nn technical ones. We see this

as one of the major problems in the innovation process

today" (Dalin 1973, p. 240).

There are no as -cts of scientif c knowledge concern_g

fundamental aspects of education as a social institution

which do not for their passing-cn depend on similar

comprehensive views, on the relationship between school

and society and or the nature of knowledge itself.

The neglect of the ideologtcal component could be a key

to why the results of educational reform as well as of

the closely connected concept of innovation research

have so far been unsatisfactory.

"There are hundreds of studies of change, many of them

concerned with change in education. The weakness of these

stqclies, however, is that few of them are of an empirical

nature; feW are related to specific educational conditions;

little is known of the role which different organizations

can play in the process of educational innovation; little

if anything - is known of the interrelationships between

different decision-making levels in the educational system

14



as they effect innovation; and few studies have analysed

the term 'innovation itself and the implications of its

interpretation for the management of the innovation process

(Dalin 1973, p. 26).

As a definition of the area covered by innovation

research Dalin's sugoestion seems tO US to be the most

appropriate one since it summarises the essential aspects

discussed into a short formula according to which innovation

is "a deliberate attempt to improve practice in relation

to certain desired objective" (Dalin 1973, p. 36).

This definition obviously implies the signif c n e of

value questions and perspectives of intereat for innovation .

research. Innovation research is always research aiming at

the inprovement of social processes and is therefore subject

to certain criteria as to what is optimal. In addition, the

definition inplies that innovatiOn follows the available

state of knowledge which to am increasing extent has taken

a scientific form. In this respect, there is a connection

between innovation research and the discussion About the

problem of treating everything scientifically, A connection

which is also apparent from the title of the so far most

comprehensive survey of the existing literature on problems

of innovation research, Havelock's "Planning ox Innovation

through Utilization and Disseranation of Rnowledge".

Innovation can refer to rather different aspects of the

educational system. Dalin distinguishes in this respect

four typesLofrinnovation: the first refers to objectives

and functions of the school in its broader social and

economic context; the second tyre is mainly concerned

with the organization and administration of the educational

system; the third is cOncerned with role definitions and

role relationships and the fourth finally centres on changes

in the curriculmm (cf. balin 1973, p. 39-41).

One of the great difficulties _n controlljnq innovative

, 15



processes lies in the fact that the various types have

their own adequate forms of organizsation although there

is at the same time a close Interdependence between them.

In what follows we are above all concerned with the

fourth_ type because this is particularly relevant for the

question of the connection between innovation and teacher

training and because it is in the field of the curriculum

that the problem of a concept of professional autonomy

adequate to the innovative process is particularly acute.
,

It is therefore to be hoped that the previously mentioned

interdependances too will be approachable from this

perspective.

The curriculum for mathematics va one of the most important

starting points for the wave of innovations which started

in connection with the sputnik shock. It is in this field

therefore that alternative strategies of innovation with

their practical advantages and disadvantages have found

their clearest expression. The first major curriculum projects

to be developed in the USA followed in orientation experiences

made in the development and dissemination of hardware products.

This was not only true of Projects based on behaviourist

learning psychology and on the hope raised thereby for more

efficient teaching, but also of projects centring above

all on a reform of the content in the sense of structure

based mathematics (cf. Keitel 1975, p. a seau.) . The

corresponding strategic concept for innovation starts

from a careful separation of individual innovative phases.

"It posits a user population which can be reached

effectively and influenced through a process of 'dissemination',

or by dissemination activities of various sorts, provided,

however, that the dissemination is preceded by an extensive

and comnlex process of research and develOpment which

usually includes the following features: 'basic research',

'applied research', 'development', 'production'I and

'packaging'" (Havelock 1971, 11-6). Havelock talks Of

5 basic features of this model: "(1) rational sequence,

16
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(2) planning (3) division of labor, (4) defi ed audience,

and (5) high investment for maximum pay-off, ..." (HaVelock

1971, 11-5).

Inasmuch as the expectat ons of chan he everyday

practices of teaching were disappoin Rhd and interest

shifted onto the pedagogical realization of new curricula

and their psychological and social implications (cf. Ch.

Keitel 1975, p. 31 seg.) the shortcomings of this concept

of innovatlor strategies became more and more apparent.

Criticimm rointed out amongst other things that the social

and psychological interdependencies decisive for the

acceptance ox rejection of an innovation by the systeni

concerned were neglected. "In criticism, the Research

Development S Diffusion Nodel can be said to be over-rationalo

overidealized, excessively research oriented, and inadequately

user-oriented ..." (Havelock 1971$ 11-7).

The realization of this model therefore led to an incongrui y

between the rich financial and qualificatory resources of

development 'management and a lack of systematic, differen-

tiated and practice-oriented development of aims and

objectives. "While the institutions studied do seem to

manage projects fairly well, one cannot automatically

assume that they are successful innovative agencies"

alin 1973, p. 107).

These problems are well known from other areas of applied

ocial science. "Die Fixierung der Zielfunktion ist vielfa'h

in multivariablen, groBen Systemen notwendig durch will-

kUrliche, 2uUllige und nicht wissenschaftlich begrUndbare

sEntscheidungen gekennzeiohnet (Beherrschbarkeitsgrad Und

Erkenntnis sand funktionell gekoppelt) . Es entsteht daher

ein Widerspruch raischen den beilweise gut durchgebildeten

MethOden der Optimierung (mathematische und kybernetiSche

Verfahren) urd dem vorwiegend qualitativen Charakter der

Entscheidungsvorbereitung bei der Auswahl der Zielfunktion"

(W. Kriesel 190).
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It is in the dissemination phase at the Latest that this

incongruity becomes apparent. Since they nark the critical

point of transition oliThew products, modes of behaviour

and forms of organization into practical use, problems

of dissemination are often simultaneously indicators

of deficiencies and difficulties in the whole innovative

process, although this becemes somewhat clear only in

the case of an ovious failure of an innovative attempt.

In the context of the reform of mathematics teaching,

howevee, there are above all cases which under the cover

of official directives, curriculum decisions and corres-

pondingly labelled materials are presented to the outside

world as successfully concluded innovation processes

although the realization has little to do with the

iginal intentions. Sareson used for this the formula

"The more things change the more tbey remain the same." -

"the average teacher has a very great capacity for going

on doing the same thing under a different name" (Beeby

in: Howson 1970).

Ie the light of more recent studies on the implementation

of ourricula it seems necessary to distieauish clearly

between the intention to carry out.certain suggestions

for change and their actual realization and moreover to

posit a great number of gradual differentiations in the

realization. h further defect of the traditional concept

of curriculum development with a vies,/ to the objectives

is to be seen in the widespread interchange of aims and

means and the general tendency ofdidactic means to

become independent of the aims of teaching. "But the

intended consequences are rarely stated clearly, if at all,

and as a result, a means to a goal becomes the goals itself,

or it becomes the misleadina criterion for judging change.

Thus, we have the new math, but we do mot have those changeS

in how teachers and children relate to each other;that

are necessary if both are to enjoy persist in, and

productively utilize intellectual and interpersonal

experience - and if these are not among the intended

1 2

is



consequences, then we must conclude that the ourrioulun

reformers have beep quite successful in achieving their

goal of substituting one set of books for another"

(Sarason 1971,, p. 48).

As a consequence of

dissemination proce

of innovation devel

definition of succe

the decisive questi

(cf. Fullan 1972, p

disenchantment with

attempts did appear

analyses of the eff

the immanent simplification of the

the research based on this model

ped methodic instruments for the

ful innovation processes which mIssed

of the Practical implementation

5 seq.). Only following the growing

the practical effects of the reform

studies that undertook more thorough

of planned innovations on schools

and teaching, i.e. they treated them from the perspective

of those who actually had to deal with them. This meant

the collection of individual data of observation which

can be used as correctives to the declarations and labels

of intent. These studies - mainly thorough case studies

or summaries of experiences made in field work - by and

large cover the whole spectrum of the innovations

recommended and taken up in the Anglo-American countries

over the last 15 years. "A very subjective but nonetheless

general impression of those who gathered and those who

studied the date was that some of the highly recommended

and publicized innovations of the past decade or so

were dimly conceived and, at best, partially implemented

in the schools claiming them .. " (J. Goodlad u.a. 1970,

P- 72).

If the predominant innovation model of the sixties

considered the main problem to consist in overcoming

the resistance of the staff to new ideas, methods and

materials, there is now a shift of interest to the

difficulties arising out of the practical implementation

of innovations which cannot be reduced to psychological

defence mechanisms of those involved. "... paradoxically

the major problem regarding educational change is not

i9
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so much resistance to change in traditional schools

(although this is still a problem) but how to cope with

change in innovative schools" (4. Fullan 1972).

From the literature on curriculum development and innovation

research one can deduce two main reasons for the deficiencies

of curriculum reform as practised so far: on the one hand

the separation of curriculum design and curriculum imple-

mentation which corresponds to a division between curriculum

theory and innovation research; on the other hand the

neglect of the organisatory context in which innovations

have to come into their own. In his summary of six case

studies on the change of the curriculum W.A. Reid comes

to the conclusion that it is this gap between curriculum

design and curriculum implementation that is above hl

responsible for the incompatibility of curriculum theory

and the experiences teachers gain in teaching processes.

"The gaps between theoretical formulations and the

conventional wisdom of schools and teachers are, it would

seem, more attributable to inadequacies of the former

tban the lack of sophistication of the latter" (W. Reid

1975). Innovation research tends to discuss the problem

of innovation essentially in terms of individual or

social-psychological categories. This is closely connected

with the isolation of factors determining innovation and

with the neglect of the historic nature of the external

conditions: ",.. impact-oriented studies of innovative

projects have not produced generalizable findings because

they fail to deal with the interaction of the project

with its institutional setting" (1-lowey 1975, p. 7) . "Nearly

all reports presently in the literature treat conditions

unchanging and impamentation as the result of an

accumulation of isolated conditions rather than as a

result of an interrelated andcomplex set of forces"

(N. Gross et al. 1971, p. 31).

To develop an alternative concept of curriculum innovation

It is necessary to start from a concept of curriculum

2 0
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different from the one underlying the "research-development-

diffusion"-approach. This would make the original intention

of the curriculum as expressed in the materials and their

adaptation as reduced or amplified in the act of teaching

refer to each other. "... the parts played in decision-

making by aims and constraints are difficult to disentangle,

and statements of objectives are only one of many devices

for guiding discussion, defining decision points and

adjudicating between alternatives. The problem has been

noted before, but often in terms of a defect to be

remedied rather than a reality to be grappled with, or

even built upon" (Reid in: Reid/Walker 1975, p. 253/54).

Such a concept of curriculum would have to take into con-

sideration that the curriculum is a social institution

determined by static forces tendi g to preserve the status

quo as well as by those fostering change and thatithe

acceptance of new practices imolies the abandonment of

old ones which.as a rule is a rather painful and labor ous

process. "In other words,studies of stability might tell

us a lot more than studies of change" (Reid in: Reid/Walker

1975, p. 247).

A curriculum theory modified accordingly however must

necessarily devote much more attention than customary

so far to the glialification n.d:clisoosition_for innovation

on the part of the teacher and to the organisatory constra nts

of his activities. After all he the main agent in the

transition of the curriculum from the design phase to the

implementation. "There is one thing that distinguishes

teaching from all other professions, . no change in

practice, no change in the curriculum has any meaning

unless the teacher understands it and accepts it" (C.B.

Beeby in: Howson 1970, p. 46).

The qualification of the teacher and his attitude towards

teaching reforms are therefore highly significant. Conse-

quenty, a representative survey by Havelock and others
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on innovation in the American school system reveals the

fallowing factors as the main barriers to innovation:

"The highest rated barrier item was 'confusion among

staff about the purpose of the innovation'. Almost as

strong were the items 'unwillingness of teachers and

other schoOl personnel to change or listen to new ideas',

'shortage of funds allocated for the innovation', and

'staff's lack of precise information about the innovation"

(R.G. Havelock et al. 1973, I, p. 19 ).

Three out of these four factors refer to t. he qaalification,

disposition for innovation and level of infOrmation of the

teacher. In a careful case study on the implementation of

organisatory innovations Gross et al. have singled out

the following factors as decisive for the fate of innovations:

the initial disposition for innovation on the part of the

staff, the clarity in which the aims, contents and methods

tho innovation are set out to the staffs the qualification

the staff, the existence of the necessary materials and

resources and the compatibility of the innovation with

the organisatory arrangements of the school (time-table,

class information, grading system etc.). Here, too, four

out of five factors refer to the personal cxalifications

and disposition of the teacher as well as to the organisatory

constraints on his activities.

In a critical survey of empirical studies on the practical

effectiveness of innovations Pullen comes to the following

conclusions: "... virtually every significant change has

implications for changes in roles and role relationships;

these changes must be part and parcel of the implementation

process.

... The dynamics of the process of role change has been

entirely misunderstood and neglected. There is little

awareness that innovations require unlearning and relearning

and create uncertaintly and a concern about Competencies

to perform these new roles. Consequently, very little

nreservice preparation is included in plans or change;
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but more fundamentally, virtually no time, resources,

and other supports are builtinto learning of new roles

in the ongoing system once the change has been initiated.

Since these requirements are not understood and taken

into account, even innovations that are'congruent with

user-objectives often fail.

Consequent(ly) ... new educational ideas and organizational

changes that are introduced become empty alternatives inasmuch

as they create unrealistic conditions and expectations for

user-performance. Structural changes are necessary but

t sufficient to bring about significant change.

The most effective solution can probably never come through

the introduction of more and more innovations With additional

resources (such as better training in new roles) because

the existing systemic context of the user effectively

prevents the development of these new roles once they

are introduced" (Fullan 1972, p. 15).

In all this the most difficult problem seems to be the

achievement of changes in the area of teacher/pupil

interaction.

Hoetker and Ahlbrandt have pointed out that in spite of

an extensive research literature ranging over decades on

the necessity of individualised instruction and work in

small groups, it is still recitation by the teacher which

iS the decisive element in teaching - and this on an

international scale. Westbury tries to explain this fact

as follows: "The interaction between the demands on the

classroom and the constraints within it cause it to be

a social setting that has only a limited potential for

manipulation by teachers. The recitation is a teaching

trategy that permits teachers to deal, in at least a

minimally satisfactory way, with the'tensions that this

interaction between demands and constraints creates"

(quoted from Reid et al. 1975, p. 250).

Whereas the requirements are relatively well known, rather
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less is known about the con-taints and their interaction

with the requirements.

It is still as true as ever that research and development

efforts in education reach the teacher above all through

written materials and informal contacts. "It is not

surprising, then, that materials have exerted far more

influence on practice in the teaching ... than has the

available research." And this although only one third

of the users "had confidence that they (the materials)

were based on 'definite scientific proof" (miles in:

Miles 1964).

a

The isolation of the teacher from research and development

means that information relevant for teaching is received

basically through informal contacts which are naturally

confined to his professional group and a narrow local

area. This fact has not even changed in the United States,

in spite of the development of Teacher Centers, of'various

centres and laboratories for research and developtent and

of comprehensive curriculum development programmes. On

the contrary, as recent analyses show the traditional

reciprocal mistrust of practicians and scientists has

'developed more strongly into the direction of forming

negative stereotypes of the other side (cf. Baldridge

et al. 1974, p. 706).

The resulting distance of the teach r to the institutionalised

research and development process is also supported by the

reSUlts of the Havelock study: "Once again, outside resource

groups get very little mention as key factors. University

participation receives only six Mentions as 'key factors'

(under 2%) while state agencies get only five (a little

over 1%). Regional labs get only one mention as a key
1factor (less than of 1%) and private companies get

one. We feel that these findings are among the most:

significant to emerge from our survey,for while they

probably underestimate actual utilization of outside

1 8
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resources, they sugqest something about the very low

visibility of the external resource universe as far as

the overwhelming majority of U.S. school districts are

concerned" (R.0. Havelock 1973, p. 16). Miles therefore

calls the belief in the independance and autonomy of

the teacher in his job and in particular in his practical

decisions in teaching a protective myth. This myth is not

only in contradiction to the above facts but also to

the role of the teacher as a functionary in a bureaucra

school organization: "Thus it seems likely that local

innovative are restricted by the fact that the teacher's

role is actually that of a bureaucratic functionary ...

who has little power to initiate system-wide change,

but - because of the ideology concerning professionalism

alluded to above - trends to resist innovative demands,

like most professionals in bureaucratic organizations"

(Miles in: Miles 1964, p. 634). The effect of this is

also, of course, that innovations on a local level can

only to a very limited extent be started by the teacher

himself and that levels of educational administration

and political decisions exert a much greater influence.

Miles summarises this as follows: "... in most cases

the initiation for change in an educational system appears

to come from outside ... Moving now to the local system,

it seems very clear that administrators, as authority

figures, are crucial in introducing innovations, particularly

those which involve structural change" (Miles in: Miles

1964, p. 640/41).

This predominance of the administration is probably even

stronger in the more centralised Western European countries.

In particular in the Federal Republic where extensive

efforts in the sense of the "research-development-diffusion"-

concept have only lntermlttently been made, politic-adMinistra-

tive strategies of educational reform are probably still

predominant. It seems correct to suggest that the resulting

control of lnnovatto n processes through curricula rather

increases the problems of implementing

2
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outlined from the Anglo-American literature. This,

however, results in a dilemma: on the one hand teachers

are neither sufficiently disposed nor qualified nor command

a satisfactory social status and a corresponding position

in relation to the educational administration; on the

other, centralised forms of oarriculum development wh -h

can make use of this lack of prerequisites for reform

activities in the teaching profession to rationalize their

trategies have the unpleasant side effect of being eposed

to the resistance of teachers to forced uncomprehended

innovation, a resistance which then leads to the previously

described phenomena of interchange of aims and means, of

wrong labels and of wrong integration of innovations in

preCt ce.

how ye: centralism no matter whether in the sense

of drawing together politic-administrative or scientific

petence is in no position to remedy the situation,

the dilemma camot on the other hand be solved by setting

the teacher free of all constraints in the hope that

adequate formulations of the problem would come up by

themselves. This kind of ideology is contradicted by

the fact that innovative processes at the school Level

are to a significant extent initiated fron outside ead

that the decisive contribution of the administration to

the initiations of innovative processes at the school level

is not to be disregarded. It is furthenmors contradicted

by the fact that innovations if trying to avoid the problem

the 'side effects' can only be implemented systematically

and as processes at the sane tine. F.knally, it does not

consider the problem of the scarcity of resources.

The alternative 'cent al or local curriculum developm

As the wrong kind of question: "Successful bnplementation

would mean the ability of the institution to he responsive

to centrally or externally developed and/or directed

innovations, on the one hand an, at the same time, the

ability to develop a creative growth and improvement process

2 6
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with n the institu itself" (P. Dalin/M. McLaughlin

1975, p. 20; cf. also Dalin 1973, p. 179).

Educational institutions on a local, regional and national

level have to make their individual, specific contributions.

The central difficulty in their communication and co-operation

lies in the development of a common view of the probkem

and of differentiated tasks developed on this basis. The

phase of problem identification, however, is one of the

poorest in the common innovative concepts and the corresponding

practice: This phase is seldom based on systematic data-

collection about needs and priorities in development.

Usually problem identification is an ad hoc exercise,

seldom based either on careful examination of present

needs, or on long-term educational or integrated social

planning" (Dalin 1973, p. 107).

The connection with the deficits in the area of evaluation

of innovation is obvious. "Since problem identification

and the formulation of objectives is weak, evaluation

consequently cannot he strong" (Dalin 1973, p. 143).

It is therefore no surprise to find Miles saying: "Yet,

judging from the chapters of this book, a near axiomatic

statement is this: Educational innovations are almost

never evaluated on a systematic basis" (Miles 1964,

p. 657).

And even ten years of further efforts in educational

reform seem to have changed nothing: "Unfortunately,

however, systems evaluation is seldom part of the

innovation process. We do not know, and most innovators

do not know either, if the innovations are really working"

(Dalin 1973, p. 232).

It seems that the established nethodsofeu ation

are one of the key factors in the growing estrangement

between the practician and research and development
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institutions. e people running the programs often gee
evaluation an an effort to kill pro ects that are dearly

loved, and which have cost sweat, blood, and tears at

the local level. AB a cons,:quence, the local people welcome

the evaluator ls much as they would any other assasin"

(M. Scriven, quoted from Baldridge et al. 1974, p. 703).

It is at this point that the distance between the per-

spective of problems and interests of the practician and

that of the educational researcher becomes particularly

noticeable.

An alternative can only lie in the development of greater

competence and readiness for self7evaluetion on_therpart

of the. ractician conceivably supported of course by

external resources (cf. Fullan 1972, p. 29). The firs

requirement for the effectiveness of this approach is an

adequate concept of objectives and their identification.

On the one hand it is impossible to lay this down once

for all, since they are subject to continual modification

in the light of the experiences made with their implementation

as to the adequacy of content and the organisatory

realisability. On the other hand, they cannot.refer to

an isolated innovation complex or one dimension of the

whole process only, if it is true to say that "... the

readiness of. the users to implement new structures,

products and practices is more of a problem than the

development of a particular product itself" (Dalin 1973,

p, 260).

This aspect is missed by attempts to structure the process

of task identification more systematically without funda-

mentally changing the linear aims-means-relation and the

relationship between practicians and development teams.

As the concept of aim is inadequately simplified and

as the need for down-to-earth operationalizations and

the criteria for evaluation very often prestructure the

view of the problem and the task formation, more complex

aims and latent functions of innovation processes escape
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notice. On the other hand, nothing is achieved by an

eclectic momentary solution as attempted by Havelock

in his 'linkage model' which is less advanced than

his own realization that to understand the processes of

production, dissemination and practical use of knowledge

it is necessary to have a theoretient concept of society

and of the essential organisatory subsystems that are

part of this process.

The difficulty to understand the specific nature of

processes of problem identification and definition in

large social organizations as opposed to individual beings

is not solved. Instead, there is an idealistic concept

of the state as the neutral guardian of public interest

and the regulator of conflicts.

"All the models presented are in some way or another

concerned with how changes come about. Hut is it possible

to treat the how-question separately without considering

why changes should come about, and in what direction the

changes are intended to bring us?

When we introduce these dimensions we are immediately

confronted by a political problem. Models which build on

an assumption of putr21111, rationality and consensu

about change are, in our view, unrealistic.

This question is directly linked with the question of

interest groups"(oalin 1973, p. 54).

A concept of the process of problem identification to be

worked out is apparently faced with contradictory demands:

on the one hand it is supposed to follow up the needs of

those immediately concerned, on the other hand it is

supposed to be systematic. It is supposed to be locally

adaptive as well as centrally integrated. It is supposed

to incorporate the political conflicts of interest of the

problems and yet to remain object-oriented. It is supposed

to afford a maximum of control and yet to be sufficiently

complex; and finally it is supposed to be scientifically
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well-founded and yet adaptable to new situations. It is

sufficiently clear that much remains open. Still, it may

be useful to realize that one-sided solutions as predominant

so far mark no progress and that the solution of the

difficulty can'only lie in the reconciliation of these

discrepancies.

As far as the innovative potential of Leacher education is---
concerned it is only realistic to assume that teacher

education can really change only t'ae personal qualifications

which teachers bring to their tasks, whereas the organisatory

framework in which these faculties are supposed to come

into their own remains untouched. This fact is all the

more important since it cannot be assumed that in the

Federal Republic teaching reforms on a larger scale are

to be expected in the next few years. It must be taken

into consideration that knowledge, faculties and attitudes

as developed in initial training tend to get lost in the'

course of adapting to one's professional activities (cf.

Koch 1972). Still one can find important arguments to

support the view that within the framework of educational

reform higher emphasis should be placed on teacher training

as one of the most important institutional places to

reconcile the above-mentioned contradictions. Competence

and readiness for innovation are not developed by the

teacher by re-adapting his qualifications in the wake of

concrete changes of methods, contents and forms of

organization. If he is to make use of, or even enlarge,

the room for decisions which he himself possesses in the

framework of reform, then the improvement of his systematic

education which alone ensures flexibility in contact with

innovations is a conditio sine qua non.

The cooperation between science and practical teaching,

one of the decisive prerequisites to effective innovation,

is on the part of practical teaching in need of a'

differentiated internal structure providing the organisatory

framework for division of work, communication and cooperation

3 0
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between the practicians. A strategy of reform which tries

to start from a change of teacher behaviour in teacher

education is faced here with the problem of the isolation

of the teacher in his teaching activities. In the Federal

Republic there exists at present hardly any organisatory

basis to gradually overcome this kind of isolation. The

system of in-s.Irvice training for teachers 13 not

sufficiently developedjrom the point of view of capacity

and organisatory set-up to meet the demands as outlined

above. If therefore Eggleston says, as a result of an

OECD-conference on new structures of teachor education

and teachers' tasks: "Overall it is clear that initial

training and in-service programmes are complementary"

(OECD 1974, p. 39), this is certainly not applicable to

the majority of teachers working under the present

conditions in the Federal Republic. However, there is

the not unfounded hope that innovation in the field

of teacher training will also lead to further qualification

and motivation for in-service training which will itself

then exert additional pressure towards the institutionalization

of appropriate measures.

In spite of all its shortcomings and deficiencies it may

be said of the present system of teacher training

- that it represents the most important organisatory link

between,practical teaching and the sciences relevant f

teaching,

- that it forms decisive paradigms of teacher behaviour

- that it has a comparatively differentiated and unified

internal structure which could serve as a basis for the

specification of problem and generalization of results,

- that in this system the problem of the independance of

theoretical and practical perspectives and their

reconciliatlOn has to be faced in all its urgency, as

is borne out by the widespread complaints about the

lack of connections between the first and the second

training phase,

- that is this system the represe tatives of the pract cal
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teaching phase have reached a leve1 of rlf-organizat on

of content which gives science the chance of fruitful

contacts with practical reality and which can be

conducive to the dissemination of results achieved

so far through multiplicatory effects.

3 2
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2.2 Conditions 604 R

In contrast to the traditions tnother countries,.e.g.

in France, the subl_ectf mathematics at_schools_pf_aftagral

education in Germany had at all times to struggle for

recognition (cf. Th. Wilhelm 1971). A constant indication

of the low value attributed by society to the teaching of

mathematics and the natural sciences has always been its

relatively low share in the schedule of subjects at the

secondary schools (Gymnasium): without any significant

change mathematics has accounted for approximately 12%

of the weekly schedule ever since 1837, and all natural

science subjects together for about 6% (cf. Kroebel 1971a)

The debate over the importance of the teaching of mathematics

and natural science for general education, which continued

during this long period of time with essentially the same

arguments, manifested itself in a variety of ways.

In dispute with the humanities attempts were made to

demonstrate that the subjects of mathematics and natural

science would meet the requirements of the noo-humanistic

concept of a general education. According to the prevailing,

purely formal ideas of education, which regarded the

formation of intellect and character as something detached

from the concrete content and substance of the subjects

taught, the learning of mathematics was credited with

being able to promote logical thinking, tidiness, diligence,

neatness etc. Utilitarian arguments were regarded as

inadmissible in the ,ilscussion by both side.; (Riess 1972;

Vietzke 1958; Kroebel 1966).

Confronted with goverruental authorities, especially on

the occasion of changes in school organization, those

advocating the teaching mathematics and natural science

emphasized the applicability and the benefits of these

subjects in economics and for society, not, however, without

a certain feeling of apprehension for offering usefulness as

an argument.

3 3
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After the 'sputnik shock' and the debate about the 'educat-

ional catastrophe' in the 1960's the issue of formal educat-

ion, which had dominated the discussion until then, was

pushed into the background and applicability and utility

of subject matter were acknowledged as criteria for the

syllabi of general education. The teaching of mathematics

and natural science was legitimated "by its practical

value for technology and the direct applicability of school

subjects to the working process in form of knowledge, skills

and other virtues" (Riess). Accordingly, the Recommendations

of the Ministers of Education (Empfehlungen der st4ndigen.Konfe-

renz der Kultusminister) of 1968 concerning the modernization of

the teaching of mathematics no longer contained any of

the references to ntersifying philosophic considerations

as had been the custom in earlier regulations: "Progress

in mathematics and the advancement of modern mathematical

concepts in science which are of consequence to the

economy, the society and the state call for the modernization

of mathematics instruction in all schools."

Even those who at this time began to levy criticsm against

the technocratic applicability of science recognized the

riterion of utility but contrasted this criterion of tech-

nological and economic utility with the criterion of "social

relevance", whose validity was measured against the attain-

ability of objectives of social learning, such as emancipation

By playing off the instrumental aspects of knowledge against

its communicative aspects, the proponents of this course

developed hostile tendencies towards the teaching of mathe-

matics and the natural sciences'. These academic disciplines

once again came under pressure to justify themselves and

remained on the defensive since no suitable concept of

social relevance could be developed. In this situation the

teacher is today even more helpless than he had been in

the earlier discussion about educational value, because his

training did not prepare him to consider social aspects -

he takes a strictly negative attitude or reacts cynically.
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This last syndrome of hostility toward the teaching of

mathematics and natural science further aggravated the

social uncertainty of the mathematics teacher in that

it adds to the already existing problems of cooperation

ith colleagues from other subjects with educational

and social scientists) the problem of having to justify

the relevance of the subject matter vis-a-vis the pupils.

The self-organization of teachers in associations, unions

etc. decisively determined the attitudes of teachers towards

the role of education in social policy. The structure of

teachers' organizations is an indication of the development

of the teaching profession into a homogeneous professional

group. Teacher organizations are an important platform

for the generalization of teachers' experiences and hence

of consequence for their willingness to accept and generate

innovation.

In add tion to a separation into more subject-related and

more profession-oriented organizations, a differentiation

is made between unioniZed organization and those directly

representing professional group interests.

It is characteristic of the educational situation in the

Federal Republic of Germany that the largest number of

elementary school teachers are unionized in the GEW (union

for education and science) while most of the secondary

school teachers are members of a professional organization,

the 'Philologenverband'. The GEW, which became a member of

the DGB (German Federation of Labor) in 1949, began to

develop a more and more union-like position as of 1968,

a fact characterized by the adoption of collective

bargaining rules in their statutes.

Another large teacher organization is the Deutsche Lehrer-

verband (German Federation of Teachers - DL), a merger of

the Philologenverhand (Federation of Philologists)0 the
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Realsohullehrerverband (Federation of Teachers at Intermediate

Schools) and the Verband der Lehrer an Wirtschaftsschulen

(Federation of Teachers at Schools of Economics) . This

federation cooperates with the competing organization

of the GEW at primary and secondary modern schools, the

Verband Bslldung und Erziehung (Federation for Education -

vac). The DL opposes the acw because of the latter's

support for the comprehensive school and for uniform teacher

salaries. The GEW and the DL/VBE have approximately the

same numerical streng h.

In England und Wales the Nationai Union of Teachers (NUT)

is the largest teacher organization. It comprises 50% of

all'teachers (1967) . It has members from all types of

schools, especially from the Primary Schools (50% of all

members teach there) and from the Modern Secondary Schools.

Since 1970 the NUT has been a member of the TUC. It

supports the Comprehensive Schools (H. Thomas 1975). 'In

contrast, the professional organizations of the "Joint

Four" (a merger of the organizations of the Headmasters,

Head Mistresses, Assistant Masters and Assistant Mistresses)

oppose the Comprehensive Schools and the salary demands

of the NUT. Its membership is made up primarily of teachers

from the Grammar Schools and the Public Schools.

In France there are no professional teacher organizations;

there is a national teachers' union, the F6d6ration de

lieducation nationale (FEN), which is composed of the

various branches representing teachers from different

types of schools. While basic agreement prevails within

the FEN about the necessity for a reform of the school

system (removal of social inequality) there is intensive

disagreement between the several branches. The union of

elementary school teachers for example holds different v ews

on the reform of primary school from the secondary school

teachers.

Among the countries mentioned above there are also differences
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in the activities of the subject-oriented assoc_ations ef

teachers: The Verein zur FOrderung des mathemat sch-natur-

wissenschaftlichen Unterrichts (association for the

promotion of the teaching of mathematics and natural

sience MNU) conducts annual seminars on the teaching of

mathematics and science, as well as seminars for department

heads ind publishes corresponding material including a

periodical. The French association of mathematics teachers

APMEP works on the basis of action programs which are

continually re-evaluated according to the progress of

_oiling reforms. This association was instrumental in

fOunding the IREM (Instituts de recherche sur l'enseignement

des math'ematigues). The APMEP also publishes a periodical.

It has regional sub-divisions which support the work

the IREM and carry out the curriculum work at the schools.

In the British Association of Teachers ef Mathematics ATM

working groups develop materials for teachers. Its 40 local

branches as well as 4 publication series attest te its

degree of organization.

In contrast to the high degree of organization in the

professional organizations - in Britain and the Federal

Republic of Germany they comprise roughly 75% of all

teachers - organization in the subject-related teacher

associations lags considerably behind: of the approximately

98,000 qualified mathematics teachers in the Federal Republic

only about 3,500 are members of the MNU.

The APMEP in France, as we have seen, has a considerable

influence en teaching reform. In Britain, where the situation

is characterized by a much greater autonomy of the teacher

in his decisions, the representatives of the teacher

associations have more seats than government representatives

or scientific experts in nearly all commissions of the

school Council, which is the "major curriculum body in

England and Wales" (J. Nisbert 1973) 7 they report directly

tO the associations that delegated them. The Schools

Council does not have any executive powers but it has taken
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decisive steps toward curriculum reform e.g. in the

establishment of Teachers' Centers. Between 1964 and 1970

the School Council supported among other things 368

mathematics projects.

The "NUrnberger Mathematiklehr n" (Nuremberq mathematics

curriculum) of the MNU published in 1965, which was supposed

to have initiated a reform of the teaching ofmathematics

in the Federal Republic of Germany, remained an isbl4ted

initiative, since it ran into tough opposition even within

U. The teacher organizations have no influence on the

composition and the activities of the curriculum commissions

(cf. Flechsig/Haller 1973).

This comparative outline allows us to draw the following

conclusions for the Federal Republic: The structure of

teaCher organizations is characterized by a split between

primary and svacondary modern school teachers and grammar

school teachers. The position of the teacher organizations

within the. framework of curriculum reform is particularly

unfavorable. The influence of teacher organizations is

more limited than in other countries.

In the conception of the sociology of education the over-

emphasis on organizational matters in the school system

correlated with the idea that obstacles for structural

change are primarily, of a social-psychological nature.

Hence analyses concerning the social role of schools in

education were limited to a large degree to recording

to what extent secondary school teachers were prepared

to accept reforms. In addition tO that a number of empirical

surveys were conducted on the attitude of elementary school

teachers, on their job satisfaction and on their position

in so.ciety. Surprisingly there were no detailed investigationS

involving teachers of intermediate schools. A cOMparison of

the various findings as to teacher attitudes is rendered

difficUlt due to the methodological defects of many surveys.

Leading questionb and other drawbacks of the survey techniques
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used often give rise to doubt as far as the internal

validity of the findings is concerned. It is also que tionable

whether results can be generalized because samples were not

sufficiently representative. These facts often contrast in

a curious manner with the cost and the meticulousness

involved in the analysis of statistical data. Not until

the research group "Lehrereinstellungeni eacher attitudes)

began its work in Konstanz was this line of research Put on

a methodological level which is norMal for empirical social

science.

Although it must be taken into aCco nt that the attitudes of

teachers Obtained in surveys do not permit a direct inference

as to their real behavior, a number of general statements can

be made with due caution. Among tea her attitudes concerning

the social role of education five relatively universal

diMensions May be discerned: 1. attitudes concerning the

social position of teachers, 2. political attitudes, 3.

disposition to reform, 4. attitudes toward job requirements,

5. attitudes concerning behavior in the classroom. In the

following some findings relating to 1. and 3. will be

outlined.

To 1. tnanimously the surveys arrive at the conclusion that

teachers feel socially insecure irrespective of their type

of school. This feeling of insecUrity relates to low

social prestige, low pay, lack of recognition by government,

society, the media, parents. Literature sees this feeling

of being brought down in the world in connection with the

- difficulties teachers have in .deVeloping a concept of

their own professional acitivities that is characterized

by both Subject-related specialisation and teaching:

secondary school teachers as well as elementary school

teachers find themselves cought up in the dichotomy of

'Specialist versus educator'.

Objective reasons for this feeling Of insecurity are to be found

in Unsolved problems concerning teacherS' salaries, disappoint-
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ment ii the fact that promises of reform were not honored,

the dependence of educational policy on economic fluctuations,

the rieing unemployment of teachers which coincides with

a shortage of teachers.

To 3. The surveys conducted so far fail to give a precise

definition of the term reform and use only general, at times

questionable indicators for disposition to reform. They

concentrate abovc all on twe factors: attitudes toward the

threebranch school system versus attitudes towards the

comprehensive school, and the attitudes vis-A-vis the

ideology believing in- a predetermined intellectual ability

of pupils. On this basis, a more accurate assessment of

the willingness of teachers to support specific reforms

in school can only be speculative.

Despite the increasing demands for participation in deci ion-

making, teachers did n react positively to demands

implicitly stated in a recent survey, for autonomy of

the school or the teacher in matters of curricula, for

example (Susteck 1975).



FO4M4 eon. Retating The Pa 'ce in Teachet Education

This chapter outlines more recent developments in teacher

education. Here we are faced with the difficulty that there

are different trends of development in the various countries.

In the Federal Republic where there is traditionally a

particularly wide gap between theory and practice,the

changes ln the field of the 'basic educational sciences'

(psychology, sociology, education etc.) predominate the

discussion. With empirically oriented positions gaining

ground in these sciences after the war a corresponding

shift in the content of theoretical training took place,

while training methods remaind unchanged. During the 1960s

there was an advancement of socio-critical positions within

education and related social sciences; the concept of

emanicipation began to play a central role.in scientific

discussions and political controversies concerning the

educational system. In connection with that the phenomenon

of 'practice shock' ('Praxisschock' e.g. Koch 1971) was

rediscovered which describes the influence of the transition

from the first (theoretical, uniyersity-oriented) to the

second (practical, school-oriented) phase of teacher

training on the student teachers. The training in theoretical

foundations of education was subsequently more related to

a broader concept of social sciences, and increasingly

focussed on the creation of stable basic orientations

which are meant to survive the transition of the students

into the new 'socialization environment' of the school.

In 3.1 the theoretical training in educational sciences

-of German secondary school teachers which accompany the

training in their major fields of study are described as

an example for such a development. Correspondingly there,

was an urgent demand for more direct relation to practice

within the curricula of the universities (exemplary for

the most recent discussions: Blickpunkt Hochschuldidaktik,

32-35), and various ways of immediate contacts with practi al
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fields were tried Out (field explora
practical fields outside school, etc

of their effects was discovered.

ons, inclusion of

and the ambivalence

Behind this two-track development - enlarging the contents

of and stressing general orientations in the theoretical

part on the one hand, experimenting with practical

experience as directly as possible on the other - there

is often to be found a specific interpretation of university

and research personnel: according to this interpretation

of university and researchers the universities tend to

have more progressive views of education and society, while

the school system is seen as having a 'conservative

tendency', which Means that the existing mediating problems

between theory and practice are ascribed to the practical

side in a one-sided way (Birmann 1975).

The realization that one of the reasons for the 'practice

shock' phenomenon is to be seen in the fact that most of

the graduates lack practical skills especially with

reference to teaching has hardly been taken into account

in the reform of teacher training in the Federal Republic.

In the United States there are contrasting developments.

According to their considerably larger research and

innovation capacities and at the same time fewer discussions

about teacher training with a focus on social criticiaMI

there has been a tendency to concentrate on developing

rather pragmatic methods for a closer connection between

theory and practice (3.2 - 3.6). Some of the conceptional

problems of these methods are discussed in 3.7. The

Competency Based Teacher Education movement (3.8) represents

the first comprehensive innovation strategy which attempts

to gain better control of the gOals of teacher training

and tO make training institutions as well aS students

responsible for reading these goals.

The development in the United States is dealt with at



relative length because it is largely unknown in the

Federal Republic. Besides it concerns certain problems

of central importance in the relationship between theory

and practice which have so far only insufficiently been

tackled in the Federal Republic.
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3.1. The &LppZQmQ ' Edue 'thee

The 'supplementary studies' (Begleitstudium) have tradi-

tionally been part of the first, More theoretically

oriented phase of the training of secondary school teachers.

While the emphasis in teacher training for primary schools

in Western Germany has always been on the pedagogic and

educational aspects, the supplementary studies of the

secondary school teachers, who concentrate much more on

subject-related studies, are intended to introduce them to

the pedagogic aspects of their future jobs. These studies

include theoretical courses in educational science,

sociology, psychology, political science and frequently also

in philosophy; occasionally they also include periods of

in-practice training. The mainly subject-based preparation

is increasingly questioned; and with the increase in the

professional character of teaching the necessity grew to

develop new concepts for the supplementary studies and to

give them higher priority (cf.Bund-Lander-Kommission fUr

Bildungsplanung, 1973, II, A.7; and Deutscher Bildungsrat

1970, Kap.IV).

The most important instrument of Government guidance for

the first cycle of teacher training, which is carried

out at largely autonomous universities, are the official

quirerexaminatior for the 'First State Examination'

(Erstes Staatsexamen) which concludes this phase. The

examination requirements of the Lander Baden-WUrttemberg,

Hessen, and Bremen can be taken as representative examples

of the dafferences inthese regulattons-from state to state:

in the sequence given they attribute increasing importance

to the supplementary studies: the weight within the whole

examination carried by the grades received in these studies

varies between 0 and 50 per cent. Only the examination

requirements of Hamburg do not fit into this picture: Here

the didactics of the 'subject is a-compulsory part of the

supplementary studies.
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ements for the eneral:examination

Baden-Warttemberg (examination requirements of 1965,

last athendments 1974). The 'general' examination ("allge-

meine Prüfung") is Voluntary, the results do not count for

the final grade. The contents of the studies correspond

to the traditional Philosophicum/PaclagogicUm, two courses

in philosophy or educational science or ciiid psychology

are required.

2. Bpssen (examination requirements of 1969, last amendments

1974). Examination subject is educational science, on

application it canbe expanded by philosophy or political

science. The grade received constitutes i of the final

grade in the examination. It is an oral examination held at

the end of the studies. The candidate has to prove that he

is in a position to "reflect on his fields of specialization

on the background of the educational knowledge of the

present". In order to be admitted to the finalNexamination

the candidate must have had in-practice training for a

period of 4 weeks.

3. Bremen (Teacher Training Act and examination requiremens

of 1974). Examination subject "educational science in-

cluding social sciences". The weight of this part within the

overall grade varies between and depending on whetheer.---

the written thesis for the State examination is taken from

this field, which is also possible in the case of secondary

school teachers. It is an oral examination held at .the end

of the studies, The requirements are laid down explicitly.

They are: knowledge of scientific methods, ability to

analyse practical work at school with the help of

educational and sociological theory, ability to deal criti-

cally with didactical-, cross-subject and problem-oriented

questions.

The Kasseler odell- a example ofacom- n e

supplementary studies. By decree of 21,March, 1974 the

Minister of Education of Hessen has'exempted teacher training

at the university of Kassel from the:above mentioned examina-
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tion requirements and turned teacher training there into a

model project. Within the scope of the Bildungsgesamtplan

(regulations for an educational framewcrk) for teacher

ining (two-cycle training, including in-practice

_ aining and subject-re).ated educational studies in the

first phase) this model turns the former supplementary

studies into the central field of studies ("Kernstudium")

determining the contents and organization of the other

fields, thus attributing to this field more importance

even than in Bremen.

The."Kernstudium"., ('core studies') constitutes one third

of the total number of courses;the topic for the thesis

can be taken from this field. This means that it is of the

same importance as the two fields of specialization in-

cluding the subject-related educational studies.

Since this model project has been in existence only for a

short period of time there have been few tangible results

so far.

The first characteristic feature of the concept at Kassel is

that the "Kernstudium" deliberately is net bUilt up on the

traditionally isolated scientific disciplines (educational

'science, political science, psychology, sociology). What is

aimed-at is an integration of the individual disciplines

and their different aspects taking into account that "the

educational work of the teacher is regarded as a social

activity".

As a consequence the "Kernstud arranged according to

"fields of concentration";

(1) political system and society

(2) socialization/social learning

(3) school and the firm as training institutIons of society

(4) curriculum/teaching

Another characteristic feature is the subdivisiOn into three

phases of acquiring knowledge in these fields. In a first
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phsse it ls tried to "make the student conscious of and

remove the individual a ass-specific restrictions on

experiencing the reality of society and his own self"; in

the second phase scientific knowledge and methods are

acquired and a critical, diStance with regard to methods

uSed in institutional pioce4ures is developed; in the

third end last phase it is a question of coming to terms ,

with the practical side of teaching from a theoretical-

scientific andbehaviour-oriented point of view, which is

to put the student into a position of being able to "tackle

contradictions and conflicts in the sense of changing

psycho-social and institutional reference structures in an

emancipatory way."

A third characteristIc feature is the inclusion of in-practice

training at school in the "Kernstudium". Here too, we find a

subdivision into phases: explorations of practidain the first

phase are followed by teaching jobs parallel to the studies in

order to scientifically analyse, plan and carry out teaching

tasks in the second phase, and supervised in-practice periods

in the form of projects under actual school conditions in the

third phase. Especially the second and third phase come under

the joint responsibility of social and educational science,

science and didactics of the subject.

Trends and_problems. An evaluation of the various examination

requirements and their revision over the last few years

reveals a number of trende snowing the pressure towards an

increasing professionalization of secondary school teachers:

- increasing share of supplementary studies to a point where

they are equal in importance to the subject-related studies;

- restricting the topics in supplementary studies to educe-

tional science, extending them at the same time into social

sciences;

a shift in the content of theSe studies from the history of

ideas to a critical evaluation of subjects, knowledge of

methods, etc;
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- trend towards standardizing supplementary studies through

teaCher training acts.

A number of important questions, however, remain unsolved:

- There is a lack of concepts for structuring the content

of supplementary studies, which at present is more a

congleMerate of educational and social sciences.

- What is needed is a constructive content-related relation-

ship between supplementary studies and didactics of the

subject and the subject itself.

- Supplementary studies and the second phase must correspond

to each other.

- In-practice training at school as part of the supplementary

studies must be integrated into the Whole course of studies.
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3.2 Human RiatLon4 Titaining in Tachvt Education

Education within the school is an interpersonal process

in which the teacher is the central figure'of many

different interactions. In recent years there has been

inCreasing emphasis on 'social competence' (E. Becker

1970) as a part of the teacher's professional

qualifying profile. The competencies which are normally -

not very systematically - attached to this concept often

comprise the following: adequate perception of one's own

self and others, reflection of one's own role behavior,

sensitivity for group processes, competencies in

communication and cooperation with others, ability to

relate to others, genuineness, empathy, ability to handle

conflicts adequately (e.g. Freudenreich et al. 1974, Prose

1973, BishOp 1973).

In Germany many different procedures for improving

interpersonel competence are summed up under the collective

name of "groups dynamics" (cf. Meyer-Althoff et al. 1975).

These procedures have emerged out of different scientific

traditions (human relation approach of the sociology of

organizations, branches of psychotherapy, antifascist

traditions of social psychology around the school of

Lewin etc.). Heading 'affective consequences of teach

Bishop (1973) states a growing urge for introducing

llements of human relation training into American teacher

education. The reasons given by different authors refer

to different realMs of action and to different goals within

teacher education.

There is the special attempt to tnprove teaching behavior

by a general increase of interpersonal competencies of

teachers. SOme authors approach the problem by training

in special behavioral skills ("socio-integrative style

of leadership behavior" Tausch/Tausch 1972) and often

relate it to the goal of a "democratization of the

teacher-/ tudent-rela ionship". The last annual sets
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the JoUrnal pf Applied Behavioral Sciences and its German

.00rrespondent'journal "GrUppendynamik" contain studies

- concerning prohlems And experiences refering to teaching

and teacher education. Beside others there are reports

of experiments with group dynamics within science and

language courses (of. RUckert 1974, Le Bon 1972).

If the teacher is seen as a socialization_ agent in his

relationship to his students, the demands to his interpersonal
_

,

competencies are even higher: "Within the proceSs of

secondary socialization the teacher is the- decisive multiplier

To which extend he is of any help or doing daMage to his

students, he is seldom aware of*:',(Mahler 1974, p. 97.).

In its present form the teaching profession is more than

many other professions running the risk of a 'deformation

professionelle'. This is due to its low degree of relief

by a professional specialization andto a variety of

institutional constraints. Latest since the well-known

work of Th. W. Adorno "Tabus Mbar den LehrerberUf"

(1965) it has been pointed out that the teacher is

specificly susceptible for the deficiencies of his

profession which result from the specific structural

problems of his job. "The heavy psychic stress to which

the teacher is exposed in his educational activities has

been the topic of many publications ..., a detailed

ksas2ttftLYAllst_I9AgAilL_aLIIi,cf2MV22n. however, has

never been proposed" (Wring 1971,

A different reasoning proceeds from the fact that the

teacher cannot be qualified for a lifelong professional

activity during a preserVice-training period of only

some years. Therefore it should be relevant the development

of learning strategies which refer to hi6 everyday

professional life. Learning strategies of this kind are

the more efficient, the better the abilities have been

developed for self-perception, self-diagnosis and for

getting feedback from others (National InstitUte of
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Education 1975, pp. 42).

In connection with efforts to get the notion of the

'innovative teacher' into more precise terms the fact

has repeatedlybeen emphasized that innovative behavior

within bureaucratic institutions requires a high degree

f readiness to take risks, to tolerate stress and to

behave 'flexibly (Frech 1972, Fittkau 1972). An adequate

self-assessment and the clarification of individual

uncertainties is a necessary precondition for teachers

to get a realistic estimation of their scope of action

which in turn is necessary that they can make the best

use of it in cooperation with others (Filloux 1972,

p. 329). Finally the formation and change of attitudes

by which innovative behavior is controlled depends upon

affective processes. Some in-service training institutions

in the Federal Republic of Germany attempt to relate

human relation training for teachers to concepts of

political education which intend to help teachers

becoming more aware of the institutional and political

conditions of their fields of action (cf. RUppauff

1973).

H man relation training procedures can be located at

different points in teacher education:

- it is a well known and often deplored fact that

during academic education the cognitive dimensions

learning processes are stressed, while Parallel affect ve

processes hampering or promoting learning and leading

to isolation or solidarity are officially not taken notice

of.

- with forms of skill-training, e.g. microteaching, where

it has been seen that ego-involvement is stronger than

with the usual academic courses, group dynamic preparatory

exercises can have the important function of practising

bow to give and receive feedback in a way that is sensible

and does not endanger self-esteem (Wagner 1975).

- during the first contacts with practice the emotional

5 1
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strain on the student increases. All studies in this

field (cf. Cope 1971) show that the first contacts wi h

practice are not seen by the students as an opportunity

of trying out ways of behaviour which are relevant in

teething or testing educational knowledge by applying it.

They rather interpret them as situations where they

personally have to stand the test, where it is important

to gain self-confidence and where adaptation to the

future social environment is essential.

The whole complex of psycho-social problems connec.ed

with the teaching profession is experienced by the teacher

only when he starts teaching on his own. There are a

number of studies and analyses, based on experience and prac-

tice, and concerned .with the difficulties of the proL'Ationary

veer and the ways in which young teachers overcame thum;

Ryan (1970) can be regarded as exemplary here. The

attempts of the young teacher to master the situation

in the classroom is compared with 'Robinson Crusoe's

fight for survival' (Ryan 1970, p. 169).

Problems of discipline, subliminal struggles for power

with the pupils, the-danger of perpetual conflicts in the

unaccustomed social environment, and general uncertainty

and overstrain due to a lack of experience make a

permanent learning by trial and error unavoidable (p. 177ff;

similar in "Jahrbuch ftir Junglehrer 1975"). The discrepancy

between the institutionally influenced role expectations

and the desire of the young teacher to shape his new

role, which ar ses out of his socialization so far, must

be solved.

Generally the teacher is Prepared for the psycho-

dimension of his profession only in almost primitive way,

which is due to the predominance of cognitive aspects in

his training. In the academic environment socalled

'personal problems' are pushed off into the private

sphere although the restructuring of attitudes and patterns

5 2
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of behaviour is carried out in the context-of training

and influenced by it. These problems are particularly

burning in fields where the character of communication

and cooperation processes favours the individualization

and isolation of those involved in the scientific

process.

If one can regard the studies on the Personality stru

of students in matheMatics and sciences as plausible

(summarized in Huber 1974, or Reif) 1975) then processes

of self-selection at the beginning of the studies and

the subsequent socialization in a sUb 'culture' bearing

the imprint of the subject lead to an inclination towards

certain ways of perception and acting, which need to be

subjected to self-reflection precisely for the reason

that they are essential for the interpretation and

shaping of the professional role but which are completely

excluded from the fields dealt with in subject-related

studies. The subject-related socialization here runs

counter to the development of professionally adeauate

behaviour tendencies in certain-dimensions.

Naturally, the application of group dynamic methods is

only one possibility of correction as they have no direct

influence either on organizational conditions or concepts

of science. As far as the effectiveness of group dynamic

methods is concerned no uniform picture can be drawn

because of the heterogeneous charaCter of methods and

. theoretical background and the variety of conditions

under which they are applied. Attempta at an evaluation

are rarely made apparently because of methodological

difficulties and because they would interfere with the

methods themselves. The discussion revolves around

normative-ideological aspects (cf. Horn 1969, Meyer-Althoff

et al. 1975).

While in the Uni-ed States human-relations methods are

gradually gainina ground in teacher education, in West Germany

5
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there are' hardly any developments worth mentioning. In

addition. to innovation-harriers that can easily be named,

this is 41.0o due to the fact that there is a lack of

qualified trainers. Group dynamics has established its

position in the sphere of private services and thus

drains the educational sector of competent personnel.
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4nazy4i.6 6 c Wioorn Ind VILACAiOn

hnalysi_ of classroom instruction comprises methods which

describe instructional processes by using uniform criteria

that can be operationalizcd. Such methods have among others

been developed in connection with research on teaching ander

the aim of constructing and empirically founding a "descrip-

tive" theory of instruction, of testing particular hypotheses

about the teaching process mld about the effectiveness of

the teachers behaviour' and finally for finding empirical

support for normative concepts of instruction. A survey

of the 100 most popular procedures Is given by Simon/Boyer

(1974).

For practical reasons w thin teacher education these methods

can only be employed as long as they are extremely simple:

categories must be easy to learn, it must be possible to

extract the evaluation rapidly and reliably. The interaction

analysis system developed by Flanders (1970) has become the

most frequently applied in teacher training. According to

Frech (1974), this is because it is one of the most simple

procedures, because it claims to deal with an essential aspect

of teacher behaviour, namely controlling behaviour authority,

and because it includes a normative-intentional aspect. In

spite of that, the Flanders method is rarely used in West

Germany, which may be due to its obvious shortcomings (cf.

the criticism by Spanhel 1971, Rumpf 1969, Mies/Vogel 1974).

The Flanders method has therefore been changed serval tines:

refined by the introduction of sub-categories, supplemented

by adding complementary, specially cognitive dimensions,

facilitated in its evaluation method, and being used not

so much for the training of given categories with fixed

training objects but rather as a starting point for general

processes of category formation. In general, however, it

has to be said that all those observation methods which do

justice to the complex character of instruction by using more

complex category structures cannot be used in teacher training

because the training of the observer is too complicated,
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and this applies particularly to those wlich adequately

integrate subjectmatter aspects.

According to Roth rat (1941) procedures other than the

Flanders method experimented with in teacher trainIng in

West Germany are those described by Winnefeld, Bellack,

and WatzLawick as well as a number of pragmatic methods

developed partly on an ad hoc basis. Evaluation results

vary; there is only little definite information available

on the value of training in teaching analysis within

teacher education. It is seen as asset mnong others

(Reichling 1975) that methods of classroom observation

provide one basis for feedback processes in the training

of beginning teachers and that they give rise to intensive

discussion about the underlying concepts of teaching.

Guidelines for classroom observation written for teachers

more often intend tO give an incentive for the develop

ment of flexible observationinstruments rather than advise

the usage of standard procedures (cf. Bachmair 1974) .

Methods of classroom observation are frequently used in

research on teaching to examine the postulated connection

between teacher behaviour and student achievement. The

deficiencies of these methods, like usage of too abstract

terms, lack of complexitv of design, insufficient conditions

for generalization,Ealse assumptions about the constant

character pericheral conditions, incorrect concepts of

causality direction lead to research findings which give

an inconsistent nicture in general (cf. Frech 1974).

Theoretical deficits and a high degree of irrelevance

practical purposes in teacher training partly have a

common origin, which we will go into Latex (cf. 3.7).

3. 4 M-lick ()leach

Microteaching (MT) is a method of sitaational. skill training

developed in the early '60s at Stamford University for purposes
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of teacher training (Allen a.c. 1972) . Meanwhile MT has been

employed on a broad basis in the United States in pre-service

and in-service training, mostly in the form of 'minicourses'

for self-instruction; in West Germany at some institutions

of teacher training attempts are being made at adapting MT.

The minicourses consist of instruction material in the form

of films together with manuals for the teacher. In these

films a numher of up to three teaching skills are

characterized and presented in a model teaching situation.

The teacher then makes plans for a short teaching unit,

carries it out with 5 or 6 of his students, and in the end

evaluates a video-record of his own teaching according

to given criteria. This step is then repeated with other

students. Discussions with colleagues or supervisors are

only held at the express wish of the teacher.

The principles of this skill t -aining prepared by disc i-

natitg learning and controlled with the help of video

feedback ("mirror-TV") have been seen to be mracticable

in many respects in Sp te of theoretical deficiencies

(e.g. lack of training in analysing conditions for the

application of skills) . At present about 25 minicourse

packages for various age groups, teaching situations,

and subject matters are available. Experience with NT

seems to be largely positive as far as scope and stability

of the change in behaviour, increase in self-confidence

and flexibility of behaviour are concerned (cf. Xrunm 1972).

In West Germany methods guided by,MT are applied more

flexibly: individual determination of the training objective

by the student teacher or teacher, selection of particular

skills depending on the supervisors diagnosis, subject-

oriented determination of skills, etc. Some conbination

th techniques of group dynamics as well as non-directive

behaviour of supervisors have proved to be helpful in

ducing the fear created by the exposure of the behaviour

of the individual Concerned. In Large areas of teacher

training, however, there is a lack of technical equipment

nesessary (video equipment, instruction material, model
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films).

From observations of the course of learning process s in

MT, partly backed by empirical findings some authors (of.

Wagner a.o. 1973, Wagner 1975) drew the conclusion that

the effect of repeated training or conditioning is less

important than the parallel process of cognitive discrimi-

nation learning. Thus a concept of microanalysis (instead

of MT) was developed, a sort of analysis of teaching with

special reference to situational aspects. In microanalysis

it is important to learn how to differentiate behaviour

in microelements of teaching according to categories. Even

here it seems important, however, that the individual

behaviour of the trainee himself is subject to analysis.

Finally the development of suitable categories Cfron the

socio-emotional or from the cognitive domain for situations

of classroom management) presents an as yet unsolved

theoretical problem.

3.5 PitotpeoZ M

Protocol materials (PM) are materials for pre-service and

in-service training of teachers. The starting point of the

PM movement was the influential book "Teachers for the

Real World" by B.O. Smith (1969), in which it was stated

that teachers lack the capability "to analyse new situations

against a firm background of relevant theory" (p. 28).

Teaching that is intended to go beyond being a mere craft

must be based on theoretical knowledge, and basic elements

of theoretical knowledge are concepts. The teacher is to

be provided with a repertory of concepts which helps him

to make an adequate diagnoses of "events of educational

significance" in the case of "instructional situations"

as well as "extra classroom situations" (p. 52). The training

of behavioural techniques is noi aimed at directly. Therefore

protocol materials consist mainly of audio-visual material

presenting "slices of reality" and serving the purposes of
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i1lu9tratLnq important theoretical concepts. The fact that

the material can be reproduced as well as the fact that it

is concept-oriented are regarded as an advantage in

comparison to learning in non-reproducable practical

situations or with the usual observation methods. The

PM movement, promoted by the U.S. Office of Education,

has so far developed units in the fields of educational

psychology, language, literature, reading, social sciences,

and teaching competencies. The production of PM involves

a great deal of theoretical problems. Uhile B.O. Smith

started from situations relevant in teaching as the

central element ("situations-first-strategy") this could

not be carried on due to a lack of research An teacher job

analyses. Gradually the focal point shifted more and more
4

towards concepts ("concept-first-strategy"). A "Master

Coordinate Plan" (B.O. Smith 1973) was developed, which

provided a basis for the originally rather uncontrolled

selection of concepts from all reference disciplines,

a basis which was of a more taxonohic than theoretical

natre. The attempts to illustrate an increasing number

of concepts with the help of staged 'teaching episodes'

made many authors suspicious of a 'conCept overkill': the

'real world', for whidh the teacher was dupposed to be

trained seemed on the way of degenerating into an artificial

world constructed on the basis of the conceptual systems

of the various disciplines.

The production of PM involves great expense. The steps

in the development - creation of a theoretical reference

system, selection of concepts, decision on the mediato

be used, staging the classroom episodes, earl production

of technically servicable film material - are all extremely

complicated. The development of process can only be coped

with by joint efforts of various research and development

institutiones.

As the PM movement follows the traditional innovation

strategy of research - development - diffusion, dissemina on
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and uuer-oiefltat1on r present the most difficult problems.

An adaptation for West Germany would certainly involve great

expense for development because of the cultural differences

and their effect on the selection of relevant concepts as

well as situations. There do exist, however, parallel efforts

in West Germany in form of a model experiment set up by

the Ministry of Education of Hessen, where audio-visual

material for the illustration of innovative teaching

behaviour was developed (Analysemodelle 1974). The effectiVe-

ness of PM in teacher training has not yet been sufficiently

evaluated but all existing evaluation studies report positive

and stable iMprovements in relation to the improvement

of interpretation competencies. Occasionally corresponding

changes in behaviour without explicit skill training are

reported supporting the thesis which also underlies the

related concept of micro-analysis stressing the importance

of cognitive diagnostic competencies.

3.6 ModpJ o Teachi_ng

Models of teaching have always been used in teacher training

explic tly or implicitly, in most cases, however$ in

connection with theoretical training and not in the course

of skill-traiEing. Models of teaching as a connecting link

between theory and practice are particularly well suited

for use in teacher training because of their descriptive

as well as prescriptive character (Salzmann 1975). Information,

however, about the large number and great variety of existing

models is so limited that the resources for the improvement

of educational decisions and the stimulation of innovative

behaviour that lie in knowledge about alternative models

are not used. A remarkable survey by Joyce/Weil (1972)

th the title "Models of Teaching" that has gained

influence in teacher training in the United States uses

as its basis a preliminary selection of 100 teaching models

from varions fields: "Included were the works of counselors

and therapists like Carl Rogers, Erik Erickson, and Abraham
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Maslow; learn ng theorists like Skinner, AusUbel, and Brune

developmental psychologists like Piaget, Kohlberg, and Hunt;

philosophers like Dewey, James, and Broudy. Currieultra

development projects in the academic subjects and special

in group dynamics provided many examples. The patterns of

teaching from the great experimental schools like Summerhill

made their way onto the general list" (Joyce 1973, p. 390).

According to Joyce's definition a model of tea line consists

of "guidelines for designing educational environments through

specifying ways of teaching and learning to achieve certain

kinds of goals. It includes a rationale of its likely

effectiveness and may be accompanied by empirloa1 evidence

that it 'werks'" (Joyce a.o 1973, p. 4

The medele were grouped into four large families represent

different basic orientations as to the nature of the

teaching/learning process:

1. Social Interaction Models. They relate to processes in

which reality is socially constituted. Models of this

orientation mainly are directed toward the lAprovement

of an individual's ability do relate to others and at

developing democratic processes in society

2. The _Information Processin Models . They reite to the

ways in which human beings react to outside stimuli,

process information, find problems, develop concepts,

find solutions to problems, and use symbols,. Models of

this orientation primarily aim at the development and

perfection of such competencies.

Personal Models: They emphasize the procesS4$ by which

an individual constructs and organizeshis or her reality.

Models of this orientation mainly are intended to help

the individual in establishing a productive relation to

the environment and in gaining a positive self-assessment.

4. Behaviour_Modificatien Models have evolved :from attempts

to develop efficient systems for sequencing learning and
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shaping behaviour by manipulating reinforcement.

Starting from this classification a programme for teacher

training was developed at Columbia University, New York

(Joyce a.o. 1973): "A design for teacher education has been

made around the concept of providing teacher trainees with

the theoretical understanding of the major models of teaching

and the clinical competence to employ them in the classroom"

(p. 47).

The aining programme assigns to each student, independent

of his major field, the task to familiarize himself with

three models from different model groups in the following

stages: Stage 1 constitutes an exploration of the theory

of the model, stage 2 demonstrates the model using

audio-visual material, stage 3 involves peer teaching,

stage 4 is microteaching practice with small groups of

students and stage 5 consists of application in a normal

classroom situation. Parallel to this work with the three

models various teaching skills are trained which have

proved to be useful if mastered in advance. At present three

skills form the bulk of the component: structuring,

modulating, cognitive level and focusing. Other essential

elements of the programme are feedback-processes, continuous

increase of the share of the practical part, and subject-

related educational seminars to relate the models to the

subject contents.

The smaller studies on the quality of this training

programme carried out so fa.; prove that students can

acquire the basic teaching competencies largely independently

from their own preferences and independently from the style

of teaching of the adviser; some models, however, are

apparently more difficult to master than others. Experience

gained at Columbia University seem to suggest a more detailed

examination of the idea of "models of teaching as the care

of teacher education" (Joyce a.o. 1973) as a concept for

improving the way in which teacher training relates to practice.
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3 . 7 Thwiui and PMetLc and Concptt4Uza2icvt o 6 T ar

Any attempt to sys ematically tie theory and practice

closer together in the training of teachers presupposes

a conceptualization of what makes up the core of the

activity of the teacher: teaching itself. In comparison

to the relatively highly deve)oped state of scientifically

based theories of learning, there ore admittedly many

but not in the same sense scientifically based theories

of teaching, despite the existence of many diverse

research efforts (Feger et al. 197a). The reasons for

this may be attributed to different sources: either to

the widespread misconception that provided the existence

of an adequate theory of learning, the technicalities

of teaching could be derived froM the empirical aspects

of teaching simply by way of "reflection", or to the

fact that teaching processes are Structurally more complex

than learning processes and thus lend themselves less to

theoretical or empirical analysis. What is specific about

teaching is its intentionality: Teaching is an activity---
which aims at producina learning. Any theory of education

therefore presupposes a concept of learning and cognition,

and beyond that calls for ideas on the mechanisms via

which the teaching/learning proces achieves or should

achieve a formation of the learner through interactional

channels.

Finally it is of the greatest importance for the conceptual-

ization of the teaching process that the type of learning

which is addressed within the framework of teacher education

takes place in a social institution specially designed for

learning purposes,namely the,schOol. This establishes

important basic conditions for ( school) teaching/learning

processes: where learning becomes the main purposes of

permanently regulated social interaction, there arise

problems in the selection of objectives and contents,

problems of control of largely avometric interaction

between teacher and pupil, probleMe of di_scipline (for
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the purpose of In-training topic-centered communication),

and problems of mOtivation: the institutionalization

of learning processes creates secondary motivation, whose

development cannot be dispensed with, while at the same

tithe deficits in intrinsic motivation are being created

by the process iteelf (Luhmann 1974).

From what has been said so far one can conclude that

theories of teaching presuppose - compared with theories

of learning - a considerably more complex conceptual

framework and at least implicit decisions about a number

of normative premises. These premises relate, among other

things, to the function of public education, the role

relationship between teacher and pupil, and the relationship

between an individual and society.

In face of this fact it is not surprising that there is a

tremendous amount of difficult-to-compare conceptualizations

of the teaching process.

The abundance of aspects contained in the process of teaching

makes it necessary for any attempt at grasping this process

to reduce this complexity to a pragmatic level. Therefore

the term 'model' (didaktisches Modell, model of teaching)

has been adopted for the concepts of teaching.

models of teaching always contain a descriptive as well as

a prescriptive aspect: on the one hand they can be used for

the purpose of analyzing and explaining processes in the

class room, in a research strategy sense as heuristic,

theory-form ng, prognostic instruments, on the other hand

they can be used for the planning, control and evaluation

of teaching processes. The attending orientation of

objectives in the development of models, which is more

oxplicit than in the development of theories, permits us

to be more conscious of the necessary selections and

facilitates the regulation of the selection process under

given objectives.odel of teaching' is a key concept of
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action-oriented didactics, "because this Is the threshold

between cognition and action, research and application,

theory and practice and vice versa" (Flechsig 1975, p,

As "the seam between theory and practice" models of

teaching can take up a central position in teacher trai ng

(Salzmann 1975); indeed, the modern procedures described

under 3.3 to 3.6 are based implicitly or explicitly On

'models'. Basically we can distinguish between three

variations of model construction:

1. Models of teaching: These are outlines covering long,

complex teaching processes, which most frequently take

the form of a plan sequence consisting of learning steps,

teaching episodes and situation sequences. In older

literature the descriptive term "Unterrichtsgestalt'

(e.g. Schwerdt 1933) in used; the terms "teaching strategi

and "didactic action strategy" (Miller et refer

the same thing. Also included in this category are the

models mentioned by Joyce/Weil (1972) as well as he models

which Blankertz (1969) and Walton (1971) complied in

larger groups of "basic patterns of teaching".

2. Item models! These are models of smaller segments of

a teaching process such as teaching episodes, minisituations

which are reconstructed conceptually in analogy tO the

structure of the larger unit. Another term used i$

"element models" (Salzmann 1975). Examples are "didactic

approach", "problem-solving", "punishment". Models of

this category are the basis of many variations of

skill-training and also frequently the training o f diagnostic

skills (e.g. micro-analysis).

3. Non-actual models: This refers to select

which are directed towards longer teaching sequences4 which,

however, in contrast to models of teaching are not structured

chronologically, but apply to the,entire sequence of

teaching a uniform set of criteria of selected variables

Almost all observation techniques used in research on

teaching can be traced back to such non-actual models.

To a greater degree than the previously mentioned models

do they correspond to the paradigm of empirical research
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since they are better suited to the formulation o

llypothses concerning the interconnection between variables.

Non-aCtUal"models can, however, only in a limited sense

used for the planning and controlling of teaching,

elnce they do not provide any behavtoral criteria relevant

tO individual situations beyond general statements like

"this teacher is relatively dir iVe" (Uttendorfer et al.

974) 'The absence of the prescriptive and hence evaluative

apect is an indication for the freiently deplored lack

Of practcal relevance in empirical research on teaching,

whic_ also may be caused by the application of the wrong

type of Model.

In conOlusion it Can be stated that all practically relevant

proceduires of developing qualification in teachers are impli-

itly or explicitly based on model constructions. This is

0A-so true for didactic behavior itself: "... the intended

ra tioUty of an actor requires hiM to construct a

Simplified model of the real situatiOn to deal with it.

He behaves rationally with respect to this model, and

such behavior is not even approxiMately optimal with

spect to the real world" (Simon 1957). It is safe to

sum that student teachers have simple subjective models

of the reality of teaching, inadequate under certain

perspectives, which in the course of their training must

he broL4ght to a higher level. It is conceivable that

sUch Lrensformation processes can Only be set off against

a background of practical experience. The connection between

"implioit development of theories, experience of reality

and strategies for action of teach r" (Wildt ot al. 1975)

has not yet been empirically investigated, let alone

Made aPplicable for training purposes. In the United

Statesk however, there is a recent trend to empirically

analyse the cognittve processing meOhanisms of teachers

rolitaCal information processin ") and the condition for

their development within the framework of broadly based

research programs for teacher education (National Institute

of Education 1975). In selective perception and processing
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of realities spaueu play an essential part. The importance

of the acquisition of central concepts in teacher education

has even been turned into the guiding principle of a

comprehensive attempt at innovation with the "Protocol

Materials Movement". Concepts which refer to teaching on

the one hand vary according to the level of abstraction

on the other according to their usefulness in the control

of cognition and behavior: the more a concept, yields the

greater its distance from what is directly observable.

Similarly Ph. G. Smith (1973, p. 33): "The instructional

problem in teacher education is that, typically, the more

powerful and useful a concept, the greater the inferential-

distance". These circumstances can easily lead to the

following problematic alternative: empiricism without

concepts providing no constructive possibilities of

action versus concepts removed from reality without

productive relevance for dealing with it. In theoretical

learning the acquisition of isolated detailed concepts

may cause the student to lose touch with overall strategies

for action.

Conversely, more complex concepts may easily be turned

into fetishes and thus degenerate into global principles,

which will block the perception, of the multifaceted

reality of teaching. Similar onesidedneis can develop

during training of practical behavior by isolating

unconnected minikills or by drilling didactic 'attitudes'

without paying attention to specific situations. The

necessary selections therefore not only refer to aspects

and situations of the teaching process but at the same

time to the choice of a s,uitablelecomlexit
among the hierarchies of possible conceptualizations. Such

decisions can be made only by considering the entire

situational context as it refers to objectives, subjective

preconditions, and objective general conditions. Only

then can the ;aodel be adapted to reality and practical

work adapted to the model.
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In teacher education it will be not so much a matter of

working with fixed levels of complexity for the processes

of developing models but rather a question of analysing

the respective conditions of adequacy in the relationship

between model and situation or theory and practice and

of marking them useful fOr training processes. Flexibility

in the choice of a suitable level of theory, however,

presupposes the mastery of various levels of abstraction.

The same is true for the 1QTShWJnt
models of teaehlng of comparable levels of abstraction.

Any theory of teaching contains a host of theoretical

and normative implications; therefore the same tWO models

may be complementary as well as contradictory as far as

different pragmatic contexts are concerned. Here again

the problem lies in the selection of a strategy of teaching

(or a combination of strategies) which is adequate to

a given situation, which presupposes the mastery or

knowledge of various strategies as well as the ability

to judge the conditions under which they may be applied.

An example for a relatively highly developed theoretical

foundation of such conditions of adequacy has been

supplied by Hunt (1970), who applies the research findings

on the concept of cognitive complexity to the problem

of matching teaching strategies to the oomplexity of the

learner.

In Leacher educaticn it will above all be essen

improve the quality of the decisi'n making proess e_

of-applying subjective mOdel c pts in addition to

improving the quality of these concepts themselves. This

indicates that the theory-practice problem in teaoher

education can also be approached via a change in feedback

practices: "A striking finding is that proCeas feedback -

providing feedback on the policies or strategies used to

make a decision - is far more effective in modifying

the judge's behavior than is outcome feedback - providing

the judge with the traditional 'knowledge of restAlts"
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(rslatlonal Irstitute of Education 1975, p. 43). The concept

of 'lens model' feedback (Hammond et al. 1972), in

stimmlating reflection 03 subjective processes of theory

formation ard decision making would form a corrective

for the necessarily individual character of models of

teaching.
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3.8 ConpeWtcy&toed Teachvz.. Edu (an)

CBTE is the most comprehensive reform movenent in the

educational system of the USA. It is a result in a shifting

of the focus of innovation in education. "During the first

half of this century, efforts to improve education centered

largely upon direct modification of the schools. About

1950 this emphasis changed. While attempts to directly

modify the schools continued, a markeclincrease occurred

in expenditures to change the pre- antfin-service training

of teachers as a way of improving education" (B.O. Smith

1975, p. 102). In innovation research as well it was

gradually recomnized that the teacher has a major ro1.11

in,educational reform. Thus, after the extensive reform

efforts in the field of curriculum development, CSTE

became the first comprehensive reform movement Iii

teacher education and at the same time the first attvurrt

to organize the training of teachers entirely from the.

practical point of view. "It its simplest form a ccnipn. ency

based program meY be defined as one that specifies the

objectives for training of teachers in ap enalcit form,

and then proceeds to hold the prospective teacher

accountable for meeting those objectives" (Steffensen

1973, p,_ V)

The CBTE moven nt was prepared by developments in the field

of reearch on teaching in which teaching was regarded.as

a form of behavior and analyzed in its elements, by the

results of job analysis or task analysis of the teaching

profession as well as by effOrts to give the schools a

greater right of wticipation in the training of teachers.

The Bureau of Educational Personnel Developamnt of the

U.S. Office Of Education financed a number of CETE projects,

amon- _ hers that of the AACTE, the American Association

of Colleges for Teacher Education.

According to the official definition of the PACTE a teach

training program is conpetency-based if it shows the
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following charao=eristics:

111. Competencies (knowledge, skills, behaviors) to be

demonstrated by the student are derived from explicit

conceptions Of teacher roles, stated so as to make

possible assessment of a student's behavior in relation

to Specific competencies, and made public in advance.

2. Criteria to be employed in assessing competencies axe

based upon, and in harmony with, specific competencies;

explicit in stating expected levels of mastery under

specified conditions; and made public in advance.

3. Assegsment of the student's competency uses hie performance

as the primary sdurce of evidence; takes into account

evidence of the student's knowledoe relevant to planning

for, analyzing, interpreting, or evaluating situations

or behaviors; and strives for objectivity.

4. The student's rate of progress through the program is

determined by demonstrated competency rather than by

tine or course completion-

5. The bistructional program is intended to facilitate the

development and evaluation of the student's achievement

of competencies specified" (Elam 1971, p. 4).

Further charaoteriStics of the CBTE-Prog ems are the following:

Individualization of training, frequent feedback concerning

learning achievement, close relationship between training

and practical work in the schools, emphasis on the necessity

to permanently revise the establishment of training objectives,

including in this process the communities, colleges, schools

and students.

The CBTE principle itself establishes neither objectives n r

methods of teacher training. According to current opinion

the 'competencieS' include, in addition to the mastery of

subject content, diagnosticconceptual abilities as well as

behavioral skills. Accordingly all available procedures

which contribute to the training of these skills, such as

teaching analysis, mioroteaching, protocol materials,

training in modelS of teaching etc., can be employed within
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the framework of CBTE-Programs. The CBTE con ept is so wide

that there is room even for personality-oriented approaches

(Humanistic Approach to Teacher Education, Cooper et al.

1973).

The American scene is al ve with discussions and controv -sies-6

prO and contra CETE. The most significant object ons are the

following: A sum of indl_vidual competencies does not nec ssarily

make far a competent teacher; behavior can be acouired
.

'superficially', i.e. withomt touching or changing basic

theoretical and normative aA?mptions. Trivial behavior

is most easily operation:311zed, hence the danger exists,

that more complex cognir.ive skills and more personality°

specific changes wil Lu neglected. Teaching competence does

not automatically mean teacher competence: if the teacher

is to be regarded as an autonomous, critical, innovative

individual, a more process-oriented education is called

for instead of a behavior-oriented training: "training in

conscious self-monitoring rather than la pc.rmance

competencies" (Elliott et al. 1975, p. L3).

The important objection is based on the argument that the

existing research basis for the identification of relevant

behavior competencies is insufficient. In their discussion

of the well known summary of the results of research on

teacher effectiveness by Rosenshine/Furst (1971) , Heath/

Nielson (1974) arrive at the following conclusion: "... an

analysis of the research on the relation betwecul Specific

teacher skills and student achievement fails to reveal an

empirical basis'for CBTE" (p. 463). Similarly D.O. Smith

(1975) states: "The missing factor is valid content. ... It

is nov feasible to develop systematic programs to guarantee

uat trainees acquire both the concepts and the skills of

teaching. Enewledge about the procedures and techniques

of training, however, exceed what is known abOut the

effectiveness of teachine(Skills and the utility of concepts.

Hnowledqe of how to train teachers hasoutstripped knowledge

of what to teach there (p. 103f). *
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Considering these obvious weaknesses_the impact of CBTE is

astounding. Since 1970-15 states in;4e USA have introduced

CEITE by way of legislation or decree, there exist a series

of national research, deVeloPmeneand coordinating centers,

pertinent periodical publication:4 aild hundreds of books

and "Competency-Catalogues" (Merr,ow 1975, p. 10).

The most important cause for the Id despread and owing

acceptance of-the CBTE.concept,in the USA may be characteriz d

by the catch-phrase 'press for accountability'. General

dissatisfaction with traditional forms of teacher training,

rapidly mounting cpsts and a growing interest on the part

of the communities in the school system gave rise to the

demands for a specification of objectives, for control over..

cost-benefit relations and for establishing responsibility

for deficiencies (Good et al. 1975).

The advance of modern management techniqus in the-field of

public administration resulted in4ittempts to design entire

teacher training oroarams on the basis of st,stems analysis

principles (De Vault et al, 11973); The various teacher

organizsations protested against the introduct on of

competency-oriented teachor evaluation procedures, fearihg

a tightening of employment conditions at a tine of teacher

surplus; pol tical objections were raised against the-
technocratic methods of planning 1.)0(11. 1973, n. 198).

An assessment of the effects of CBTE programs is not possible

at the present time,--since the effects of more basic

organizational and substantive reforms of teacher training

can be established only in theplong runt On the other hand,-

the MIT model does offer the advantage of facilitating

the planning of teacher training and.henCe making it more

accessible to empirical analysis as Well as unifying the

efforts of reform. In this respect CBTE proarams can be

regarded as "testable hypotheses" and thus contribute to

putting the training of teachers on a more solid scientific

basis. The concept of CBTE may be assailable concerning
V
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the deteridration of valid goals; its increasing influence

in the USA hOwever would be inexplicable, if there did not

exist a huge store of procedural techniques and methods

for_relating theorN tO practice in teacher education which

are based prOfOundly on scientific research and practical

experience. At this point the development in the Federal

Republic Of Germany seems to be considerably re
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Galena Pubtem o the Rv2a2ion4hip betWeen The and Ractice

in TimeheA ruining

s impossible to define the practical fldl4 of activity

,of the teacher without referring to administr -ive

crinstraints, predominating strategies of deveiOpment and

dissemination in the area of the curriculum, the teecliers

view of their own role, and to sociological and political

ideas about the place and value of the educatiOnal. System.

There is a widerspread tendency to identify 010 professional

practice of the teacher with actual teaching and to under-

estimate the relevance of activities related tO organisatory

questions, contacts to the environment (parenta etc#), but

also the planning of teaching.

"Experience has shown that the choice of researOh topics is

liable to be restricted to pedagogical and didactic issues,

above all on the grounds that theSe are the MoAt 'useful'.

A deliberate effort must be made to break thi$ tendency of

isolation and restriction to purely pedagogiC01 questions

within the educational system and to expand the topics dealt

with to cover the role and tasks of school and education in

social developments generally i.e. economics Of education,

educational sociology, educational policy, edklOational change

etc." (OECD 1974, p. 70). - "Es geh6rt inzwiechen lasest zum

Xonsensbestand der Bildungspolitiker, die Notwendigekeit be-

rufspraktischer Studien zu betonen. Die Praxi0Orlentierune

des Lehrerstudiums wird dabei allerdings zumetst mit der

Ineffektivität der bisherigen Ausbildung begrWidet und eine

st&rkere Betonung der zuktinftigen UnterrichtSpraxis in der

ersten Ausbildungsphase_gefordert. 'Praxis' Und 'Unterricht-

t8tigkeit' sind dabei haufig identische Begriffe, vomit ent-

scheidende Dimensionen möglicher Erfahrung ati$geblendet sind"

(a. Becker et al. 1974).

Indeed, the results of innovation research st9et to see the

cause of the unsatisfactory state of a theory Of teaching

in the separation of actual teaching and the other aspects'
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involved in the teaching p ocess. The effects of this sepa-

ration become apparent in the incongruities between planning

processeS in the area of the curriculum developed from this

reduced v ew as opposed to real professional practice (cf.

Flechsig et al. 1973, p. 60ff). As far as attempts to

formulate theories of teaching are made at all, they tend

to neglect the particular nature of teaching as a characteristic

feature of a social institution and to orient themselves along

the problems of interaction between the individual learner

and the teacher. Consequently P.H. Hirst incorporates the

institutional point of view in his definition of 'what is

teaching' only as an eclectic addition after having so far

defined 'teaching' exclusively in its orientation onto the

individual learner: "But perhaps it would be better simply

to recognize that we de use the word teaching both for

activities aimed at group learning as well as individual

learning" (P.H. Hirst 1974, p. 111). This leads to the

parallelism of the notions of teaching and learning as

customary in psychological literature. Inasmuch as

educational research tends to pursue a psychological

approach to its subject this is co-responsible for the

neglect of the institutional context of teaching and

becomes at the same time practically ineffective. "Zu

kurz gerAt innerhalb der ReformvorschlAge die Reflexion Uber

den Arbeitspletz des Lehrers, durch dessen Strukturen sein

Bevuetsein und sein Verhaiten entscheidend bestimmt

werden" (Synopse zur Neuordnung der Lehrerausbildung 1971,

p. 47).

If teacher education is to refer to professional practice

then the definition of the concept of practice is highly

important because it is inevitably connected with normative

prejudgments: whether the teacher is to be educated to

preserve.the status quo, to implement More Or less abstract

utopic ideas, to be adaptable to emerging trends in

educatitinal politics, to have the capability of taking

care of his own interests or with a view to long-term plans

in educational reform, in each case there are bound to be
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differing interests involved in sitUations like these.

When using data for the reform of teaCher education as

made available by empir' '!.al occupation research it is

therefore important to realize whiCh model they are based

ono because sociopolitio questions play an important

role. School reform and reform of teacher education ate

too directly dependent on each other to neglect this

aspect: "The reform and continous development 'of teacher

education is directly dependent on reform and developments

in the school system and education as a whole. Teacher

education can never be autonomous or independent. On the

other hand changes in teacher education are not to be viewed

merely as a necessary consequence Of changes in the school

system and the field of education. Teacher education is also

a developing motive force which ca n. lead to changes and

improvements in the educational system" (OECD 1974, p. 60).

By ignoring this interlinks one easily arr ves at a

fixation of ekl-Sting Professional practice. There a numerous

studies for each of the three areas of recruitment, education

and professional situation of teachers, but no attempts have

been made so far to make these three central aspects of

professional competence of the teacher refer to each other

nor to incorporate them systematically in attempts describe

teacher education (Thomas 1972, p. 30 seg.).

It is an o_ en overlooked fact that scientific theory is

connected with the teacher's activ3.ties in two notably

different ways: on the one hand scl.antific knowledge and

methods are themselves contents of teaching, on the other

the organization of teaching and tbe processes of mediation

that occur in it!, framework need a SCientific basis. The

teacher is simultaneously the organizer of immediate social

relationships with strong subjective elements and the

mediator of predetermined, socially eodified norms, pattern

of evaluation, and knowledge. To achieve a connection between

these elements iv. more difficult than to emphasize the

necessity of it. When therefore Hirst states, "It

7 7
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as much a logical absurdity to say 'One teaches children

not subjects' as it is to say 'One teacheS subjects not

children'" (Hirst 1974, p. 109), this is Certainly

convincing, but it forgets the conceptual problems involved

in the fonulatjo of a constructive alternative. The

in egration of the two kinds of theory mentioned can only

be expected on the basis of developed processes of theory

formation which on their part presuppose differentiated

practice. This is particularly true of some sabieots, s ch

as mathematics, where in addition diffe method

perspectives, models and forms of organization between

research in social sciences and in mathematics and science

have to be coped with.

One can agree wi h Griesel's attempt to establish an

analogy "between engineering and medicine on the one hand

and the didactics of mathematics" (Griesel 1974, p. 118)

on the other since it points out that the application

orientation of the didactics of a subject constitutes its

central point of reference, as long as one keeps an eye

on the limits of this analogy resulting from the different

relations of the'individual sciences to their respective practice.

The reform concept' of 'project studies' in higher education,

too, which does mot only try to integrate the subject-oriented
*

and educational parts of a study course but intends to

combine this at the same time with the development of a

critical relati- ship to professional praCtice contains

this problem as crucial and still-unsaved question:

"Das qrundsatzlithe didaktische Problem, das die Organisation

von Lernprozessen in Frojekten Ibsen mu8, die die Projekt-

kriterien des Berufspraxisbezugs, der Ermittlung der ge-

sellschftlichen Relevanz des behandelten Problems durch

die Reflexion auf seinen gesellschaftlichen Zuiammenhang

und der Interdisziplinaritat erfallen, liegt in der Vet-
JC

mittlung der Aneiqnung fachwissenschaftlieher Inhalte mit

der sozialwissenSohaftlichen Untersuchung ihrer gesell-

schaftlichen Konstituierungs- und Verwendungszusammenhange'

(B. Berndt u.a. 1372, p. 298 seq.). The same problem
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is made even more acute by the fact that for sciences

relevant to teaching as also for other applied scienCeS

the distance and difference between the theoretical

concept, as ever reformulated in view of situations Of

application, and the practical situation itself iS

unavoidable and even essential. "Even where the

constituting the theory of a task or activity are tly

formulated, such are the innumerable variations in ndividua1

circumstances that there can be no hope of the thee

encompassing them all. These variations will reguixe that

the precepts be modified. Simply following them uncritically

can neither guarantee success nor constitute intalatgent

practice. The precepts themselves, however, de not prescribe

how they are to be modified. ... This means that what

precise action in particular circumstances a precept

prescribes can only be learnt by practice" (Naishtliartnett

1975, p.

When demanding that teacher education be more scientific

it is easy to miss the point that this cannot just mean

to purge practice of its handed-on 'craft wiScIOMI

replaced by deductions from theoretical insightsq blt

that the main difficulty consists in enabling ooMMunicati n

and reciprocal criticism between theory and essential

practical experience to take place and to develop the

capability of this reciprocal criticism in a systematic

way. If this is not taken into account the result iS jO$

the same dilemma between empiricistic situation-orientation

and 'concept overkill' which seems to have determined the

development of the Protocol Materials movement, The atm

is not to abolish the 'inferential distance' as $.0 SMi h

calls it, but to control and use it for the purposes of

practice as well as of theory.

The way out of the ineffectiveness of the relatiOneb14

between theory and practice under the present comUttone

of teacher education and educational research iS net shown

up either by proposing an immediate unity of'theery and

7 9
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and especially the personal union of educational

--4eek,oher-and teacher. "This is confusing because while

ithout practice there can be no theory)

IS true it is only true in the Sense that there has to

be some practice or other for theory to be possible. But

aark wants to say more than thiS namely that it is

lOgicaily necessary for all theOrists to be practitioners.

This-1$ an astonishing thesis. The point of all my analogies

was tbat this is not how we normally speak of theory and

practice. In other contexts it IS usual to regard knowing

about Something and being good at doi.ng it as two different

things, and to treat the theory of the knowing as

dtstingulshable from the theory Of the doing" (Earwaker

1975 p4 24). Desirable as personal connections and

flexibte transitions between the twO systems may be,

research and school practice as institutions necessarily

have their awn respective objects and perspectives of

reality Which persist even against the good intentions

f the persons involved and which therefore cannot in

principle be dissolved by them.

n this level that the so-ca 'practice shock'

would have to be discussed in order to get beyond the

nomenolQgical disc --ion of the shifts in the

attitudInaJ "Man kame dann zu dem

ntcht sehr Uberra.-3uno, .ken -rgebnils, daB die KuBerungs-

foLmen und Handlungsweiaen reelben Personen im Bezug

aUf gtetche Fragen oder Autgaben in unterschiedlichen

tuatLonen jeweils andere sind oder zurnindest sein kOnnen.

d4esem Pall ware vor alien die edeutung der unr-

sohiedtiehen sozialen Situationen ftir das Verhalten und

Einistellungen der Ausgebildet n zu analysieren und

aulf der Ebene der institutonellen Differenz Uni-

t4t Schule, der Ebene der unterschied1chen for-

nktionssysteme, der Aufstiags- und Selektions-

owie der Mechanismer i.hrer Austibung (und der

urcbeetzenden Machte und Interessen) und schlieBlich

Ebene der Differenz zwischen "theoret schen" Situationen

8 0
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und den Zwtngen praktisCher Handlungss tuationen" (Min nfl

1975, p.

It is equally,rue of the relationship between theoretical

'concepts and practical school work as of the one between

the institutional foundations of teacher education and the

schools themselves that the atte. pt to resolve their

differences does not lead any further, but that this,

difference must be made a necessary and fruitful one.

The problem of theory vs. practice can only be solved

through internal differentiation on both sides and through

the establishment and close co-ordination of levels co':

mediation. The simple attempt to bridge the established

systems of scientific distribution of work and the

restrictive conditions of practice e.g. by referring to

applicationally relevant problems is bound to fail in

the long run since it assumes the division of labour

in science and in relation to practice to be solely

dictated by certain interests of society and correSponding

narrow ideologies of special areas rather than also by

organiaatory and subject-dependent constraints.

If levels of mediation are to be,effective, they must

be developed in view of the content as well as of the

organisatory side. Owing to the importance of immediate

social relationships, of norms and ideologies for learning

processes at school,appropriate organisatory levels of

mediation in the area of schools and teacher eduacation

are particularly difficult to establish. It would hardly

be enough to rat onalize the aims-means relations: they

would also have to encompass the levels of problem

identification and formulation and decisions about ai:

On the part of practice the main deficit in teacher

education is to be seen in the great lack of personal,

material and conceptual resources for the training in

actual teaching which according_ to its claim would have

to effectuate the mediation from practice to theory.

On the part of the university the institutional deficit

8 1
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is apparent in the lack ble and efficient orgar.isatory

agencies able to refer researb under the specific aspects

of theoretical, practice-relat education to school

realtiy. Even in the United States where the curriculum

wave had given rise to a mu titude of mediating institutions

with the task of relating research and development to

school realtiy this has been rather inconsequential as far

as teacher education is concerned: "The studies concluded,

that there were very few effective relationships between the

R&D network and the personnel training network" (Saldridge

et al. 1974, p. 706).

From the content point of view the development of levels of

mediation takes various directions, first, in the extension

of the topic areas and scientific systems of reference in

the training programme (cf. 3.1), second, in changes in

the conceptual basis of the sciences involved or, alternativel'

in the development of more recent and application-related

directions of research, and third, finally, in fo ms of

simulating future practical situations workin

reduced complexity and building up the capability to

control real situations in systematic sequences (cf. 3 2

to 3.8).

QuestiOns of topic extension are for instance involved in

the discussion about the educational component of studies,

in particular if its function is seen in the passing-on

of qualifications in innovation strategies, which includes

knowledge of the organisatory and political framework and

constraints of educational reforms, of the interests of

society involved, of the possibilities and limitations

of procedures for the organization of processes of probl

formulation and task identification, of the management of

innovative developments and of the effect of immediate

interactions and subjective dispositions on innovation ,

processes. If one wants "die Verselbstandigung der ge-
,

sellschaftswissenschaftlichen (innovationsstrategischen)

Qualifizierung gegenliber der didaktisch-methodisohen zu ver-
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hindern, die in der Regel nur zur prakti lh irrelevanz

der ersteren fUhrt" (Reck 1974, p. 266), it is necessary

to extend accordingly the topic areas of the course components

concerned with didactics and methodology.

It is here at the latest that the limits of shifts or

extensions of topics become noticeable if they remain

unaccompanied by corresponding conceptual transformations.

The necessity of these transformations has become apparent

for instance in chapter 3.2 in connection with the

insufficiency of the observation procedures modelled on the

traditional paradigm of the hypothesis-testing empirical

social sciences. For the didactics of a subject this

necessity is evident om the difficulty in referring

sociological and sainct-related insights to each other.

"Es ist aber unsere These, daB die mangelnde BerUcksichti-ung

des inhaltlichen Aspekte mathematischer Lernprozesse die

fruchtbare Aufarbeitunggeselischaftswissenschaftlicher

Einsichten genauso behindert, wie umgekehx in Ausbienden

der psychologischen und sozialen Vorausset, ingen soicher

Lernprozesse nur zu einer Fetischisierung der Fachinhalte

und damit eben nicht zu ihrer Aufarbeitung fUr die Zwecke

des Mathematikunterrichts filh):t. In der mathematikdidaktis-_-_en

Literatur arbeiten sich diese beiden extremen Standpunkte

oft wechselseitig zu, so sehr sie auf den ervte2n Buick

einander entgegengesetzt zu sein scheinen" (Otte et al.

1974, p. 20).

It seems rotsonable to suggest that it is in the conceptual

field that there lies one of the decisive bottlenecks in the

development of a practically efficient and unrepressive

kind of teacher education. This is shown particularly

well by radical attempts to overcome the inconsequential

and unrelated side by side existence of theory

and practice, as for instance in the USA through Protocol

Materials and CBTE. If the latter again and again complains

about the insufficient research basis for the derivation

and identification of competencies of the teacher, the former
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have difficulties in dissolving the empiricistic fixation

of concepts to situations in practice without losing the

productive connection with reality.

As vcperiences in Sweden chow, whore the relations between

teacher education and research on teacher education are un-

usually intensive and differentiated, conceptual problems

mean that difficulties of communication and information

turn out to be incomparably more persistent than originally

expected. The tendency, too, of attempting to simulate

situations of practice in teacher Lraining is in its progress

likely to keep meeting conceptual difficulties because of

the immense problems of selection it is faced with. For

the time being it is here that there are the limits to the

exploitation of the potential that lies in the rejection

of coures exclusively concerned with cognitive faculties

and the development of procdures of behaviour trainin g

and the acquisition of 'social competence'.

The establishment of organisatory and content-related levels

to mediate between theory and practice in courses leads

to a growing awareness of the degree of differentiation

of the qualificatiOnal profile of the teacher. This

inc. ,., subject competence, km 72dge and faculties

to ct learning processes, , he ability to relate

ac!: T.o the social conditi his own activities.

Howo ts of qualificatio"al di: -..nsions as have been

set up under different theoretical cerspec /es amongst

others by Handle and Luhmann/Schorr (cf. Luhmann/Schorr

1974, p. 5 seq; Chr. Handle 1972, p. 72 seq.) are only

a first step, for the central difficulties lie in the

distinguishing of these dimensions from each other and

in,their interrelationship. As we have .,een, bo:h

innovation research and curriculum theory are deficient

because of their separation which allows important problems

to escape unnoticed. As far as the qualificational dimensions

are ,-roncerned, this split is reflected in the division

of cc. itent-related and didactic competence and the

8
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qualifications which refer to the consideration and change

of 'e-ganisatory and social conditions.

The mediation of the two previously treated di ferent

kinds of relationship between theory and orrwtice in

teacher education, main difficulty in the development of

the didactics of the subject, also encompasses all these

qualificational dimensions mentioned. This can be shown

e.g. in the relationship between the acquisition of

specific contents and the implicit passing-on of general

ideas about schools, their social function, their relations

to science, production and politics. Inasmuch as subject

contents are always connected with a specific selectivity

in view of reality and with cert,ain perspectives of

changing this real .ty and inasmuch as ccntents can only

be assimilated in these contexts, they play their part

in aim orientation and in the development of general view-

on which orientations are based. To consciously realize

similar contexts and connections demaeis on the part of

the teaceer the capability to integrate rather different

qualifications, and this integration should be prepared

for in teacher education.-However, it i, here that the

conceptual gaps are felt most strongly.

In the context of theory and practice in eeacher education

a certain amount of sceptical reserve seems justified

toward ambitious attempts at an organisatory and content-

related integration which either totally ignore the

conceptual roots of many organisatory problems, as does

the one-cycle model of teacher education, or which, as

in 'project studles', underestimate theobjective constraints

and content deficits detrimental to an integration.

"Obviously an advanced integration of studies and teaching

pra,ice is doomed to failure. The practice of details and

parts before the trainee has acquired a sound general view

of his sLbject, of the subject matter involv6a:4and of the

potentialities or lirAtations of the latter as a means to

the personal development of the pupi can easily result
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in mechanical and rigid teaching behaviour during the practice

period. Advanced integration in this sense is also a dubious

proposition because the trainee's studies would acquire a

short-term objective ganges exclusively according to what

was useful for the moment. A constant preoccupation with

'useful' things is liable to result in a fragmentary view

of the subject and in a simplification of issues" (1DECD

1974, p. 32).

Large-scale incgration attempts _n the system of teacher

education in the Federal Republic additionally give rise

to seep' cal reserve since the education system of the

Federal Republic is particularly characterised by its

extreme lack of mediating institutions, and, as is shOwn

by the fate of the recommandation by the 'Bildungsrat'

(Educational Council) to establish 'regional educational

centres', (Regionale PAdagogische Zentren) nothing is likely

to change in this respect in the foreseeable future. The

_icits in the dreas of curriculum development and

cducational research have been sufficiently deplored and

point towards gaps which have to do with the content aspect

of teaching problems. Therefore the question suggests itself

whether the faThre oZ correspondingly ambitious attempts

at integration as more as more admitted by their represen a ves

(cf. P.M. Willer 1974, for project studies in mathematics

cf. Hinrichsen et al. 1973, p. 23) is only to be attributed

to the groA_ng hostility of national politics toward

educational reforms or perhaps also to t'lle insufficient

diiferentiation and development of the concepts which were

to form the basis of this integration.



Mathei Ica K two dile and the 1-kai viinq a T cachetti 0

Mathematics

'There was a time -'aen the statement, 'I teach children not

subjects', was music to my ears and a positive indication

of a dimension of educational philosophy I nighiy endorsed.

I still feel that way but I must confess thwt receritly I

have been somewhat alarmed by what I sense on occasion- to

he a de-emphasis of solid intellectual achievement. Our

movement towrd such commendable goals as child-oriented

programs, humanistically based curriculums, personalized

school experiences and open classroom are not to be denied

as worthwhile educational directions. The tragedy is that

many regard solid intellectual achievement as the enemy

in this quest" (Hagen 1973).

This was written by the American teacher O. Haqeti, and the

dichotomy deplored in his statement is one of the most im-

portant ones out of the many contradictory ideas which

seem to govern the discussion of dida-.7tic and pedagogical

issues and which cause the well-known swing of the pendulum

of ped-gogic opinions on adequate teaching methods. If

therefore one wishes to find a suitable approach to the

onalysis of the current state of the scientific and

didactic aspects of education and to make suggestions

for further development without falling back onto those

unreconciled positi6ns, one cannot - in addition to the

analysis of special problems in teacher training avoid

considering the fundamental problems of the role of the

subject matter and the function of the concept of content

for the organization and plannina of teaching.

However, we do not intend to provide another repetition of

the topics which make up the contents of the scientific

subject studied as part of teacher education. It is enough

to state that the rather numerous descriptions of the

course content seem to be in agreement as to their essential

points (cf. Bishop 1972). E.G. Begle too is right in pointing
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out the "relative consistehcy" of the scientific cont.lats

determined by the state of development of the science of

mathematics, and the situations is similar at tertiary

level: "I am sure that many of our teachers look on our

new curricula an a revolution in school mathematics. In a

sense this is correct, but IL is merely a small aspect

a revolution in mathematics itself which has been going

on for a century and a half. This revolution stems from

the work of Abel and nalois. ... There are two important

observations which now need to be made. The first is that

this revolution has been succssfully concluded. The second

is that no new revolution is clearly in sight. Even if

first stirrings of a new revolution might be taking

place in mathematical research, its effects could not

appear in the pre-college program for generations.

Consequently we can agree on the broad outline of the

content of the mathematics curriculum for the schools.

This content is well enough known that we need not spell

it out here In detail" (BegIc 1969).

Ne do believe, though, that this description uncovers

a number of unsolved questions and oroblems which are in

need of a scientific analysis within the framework of

the three parameters of sety - science - education,

This however, woull go beyond the scope of our topic in

hand.

In what follows we are therefore rn y concerned with

the question of which kind of knowledge of the subject

matter a teacher must have and which concepts of the

content of teaching must be developed to clarify its

connections with the various asne!c: r= of the teaching

process tc make it more practically controllable. The

significance of this approach for teaching itself and for

the teacher's view of his own role becomes immediately

obvious when realising that to this very day the relationship

btween various groups of teachers, notably between Primary

and Secondary Modern School teachers on the one hand and
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Grammar School teachers on the othar, are de_ermined by

differences which go back to diffeJAng ideas about the

significance of the science studied for the teacher's work.

Although it is true to say that (a) the difficult and

laborious development of the principle of the subject

teacher at primary level and that (b) the attempt to

provide teachers at secondary level with a more professional

educational basis,considering that especially grammar school

teacherS traditionally saw themselves as representing a

scientific subject, have become key problems of teacher

training, we believe that our aim of a synthesis of

scientific and educational knowledge and insights can

only be achieved via appropri,te concept of content.

We start from the hyupthesis that all didactic, methodological

or pedagog:c difforences and all the various views on teaching

objectives imply differing approaches to the content of

cognitive activities and of its development as theory and

method. This results in the task of developing a concept

of teaching content which provides for an integrated view

of the dynamic dud systemstic, operative and objective

nature of knowledge and which as a basis allows the teacher

to prestructure the determining role of the subject matter

in a pedagogically and psychologicaliv appropriate way.

he can only share the -surprise expressed in the following

quotation by T.W. Eason on the neglect this aspect has

met within the traditional discusgion on the reform of

teacher training: "It is odd that for so long anyone should

have conceived of education studies as specialized along

the dimensions of, first ,-dle sequential development of

children; and then of the four now conventional 'disciplines'

(PPHS); yet overlooked what 'schooling' means to ordinaly

folk the content of instruction and learning, the intellectual

and conceptualizations which make up the texture and

fabric of the growing and educated mind. Because, when all

is said and done, the unifying area, the starting point and

touchstone, must be curriculum. It would make a fascinating
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subject in intellectual htstoy ,1.0(7y -lowledge)

to trace the rise and declina of that Lrrenc. tO

thaL reje,..'tion of the notion of prcoL 1e7t-rnttro.,

curr_culum, which lies (but only just; in Lho ime6i.ate

past, and made this omission even conceivable" J,:a 1971,

P. 92).

This fact can be explained by the current state of pedaclog_cal

and didactic research. There are three respects n :hlch the

situation is rather unsatisfactory.

Pirst, activities in,the didactics of mathematics and

the development of mathematical curricula have until very

recently shown little interest in the theory and practice

of teaching and the central figure of the teacher. A brief

glance into the literature on the didactics of mathematics

is enough to be able to say this: the starting-point even

if they are explicitly meant to be training materials are

always teaching models derived from learning theories and

not from elements of a theory of teaching. Very recently

only have there been signs cr n change in this respect.

"It is now becoming more cleari acknowledged that the

teacher's role in curriculum development is central. The

teacher's status as a professional must be observed and

it is a mark of a professional that he is prepared to

make decisions and to accept responsibility for them",

(Howson 1974).

- Second, the immensely broad field of 'research 'In teaching'

has in no way taken the problem of content into consideration.

Dunkin and Biddle, who are probably right in considering

theit book the first comprehensive study expressly and

exclusively concerned with this aspect of teaching (cf.

p. vii), comment accordingly:. "Given the importance attached

to the intellectual aspects of schooling, one might expect

that research on cognitive processes in classroom would be

at least as prominent as research on social-emotional

characteristics. Such is not the case, however. The 1863
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edition of the Handbook of Research on_Tq2_qh1E5 ... contained

chapters on the personality of teachers, the measurement'of

nuncognitive variables in research on teaching, social

interacCon 1,, the classroom, and the social background of

teachers - but none on cognitive aspects of teaching. Indeed,

there was only one entry ,..irtinent to this topic in the

entire lengthy index of the handbook" (Dunkin/Biddle 1974,

p. 232).

Nor have the sociological 'schools of thought researching

into the social nature of the production, organization and

di :seminatior , of knowledge been interested in the function

of knowledge in the educational system: "The almost total

neglect by sociologists of how knowledge is selected,

organized and assessed in educational institutions hardly

needs documenting" (Young (ed) 1971, p. 19; cf. also

Esland 1971, p. 72).

- Third, the lack of a translation of 'research on teaching

into research on teaching education' (Cyphert 1972) is a

serious shortcom ng.

The research described above has had surpr singly lit'Lle

influence on practical teachinl which is demonstrable for

instance from the mass of empirical data on teaching

behaviour as collected by Ahlbrand and 12--ker. "The studies

that have been reviewed show a remarkable stability of

classroom verbal behaviour patterns over the last h.ilf

century, spite tha fact that each siccesg_ve generation

of educational thinkers, no matter 11-1w :4e they dlifere,,

has condemned the rapid-fire, question-aaswer pattrn of

instruction ... If the recitation is a poor pedagogicil

method, as most teacher educators long have believed, wfr

nave they not Leen able to deter teachers from using it?"

(cf. Ahlbrand/Hoetker 1962, p. 63).

It seems obvious to attribute this lack of effectiveness

9 1

85



to a reductionplistic, Merely psychologising view of the

problem which misses the institutional and content-determined

nature of teaching: "Educational psychologists tend to regard

the links between learning and teaching as stiong.

Reductionalistioally viewed teaching- simply means the

arrangement of external conditions for learning ... derived

from psychological knowledge of the learning process. ...

But we must begin to doubt the. claim ... that teaching

as a phenomenon can be reduced to a psychoioqi. process°

(Kallos/Lundgren 1975).

If, however, one turns on the other han jdactic concepts

which keep close to the content in f ucientific

analysis of the subject matter", one nc. 1 universal

mix-up inconceptual and practical difficulties: The

"structure of the discipline"-approach iS limited by the

complexity and complerntarity of the theoretical (basic)

concepts to be learned (cf. Otte 1974); the problem- or

application-orientated approach suddenly discovers that

relevant problems are not just factual relationships, but

highly complex products of a development which covers social

and factual relationships and their interdependance (cf.

Mies et al. 1975); the subjective-heUristic approach

"process as content" faces the problem of the relationship

between method and theory, of strategy and object (cf. H. Weyl

1966, p. 206), and, finally, the exemplary approach which

attempts to cover general points by treating specific ones,

en6, in an empiricistic reductionism which destroys the

unity of the process of human cognition and can hardly

go beyond the teaching of trivialities.

The centre of the above difficulties is to be seen in a

reduced view of the connections of the various aspects

of the subject matter and its relationships to science

and social reality. This results in the well-known swing

of the pendulum oF pedagogical methods, the traditions

of which A. Rash followed up in the mathematics books

of the 18th, 19th ard 20th centuries. she summarises them
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as fo1low0:"Various aspects of the course content have

ained'with us through the centuries, but more remarkable

is that some methods of presentation have remained unchanged"

(A. Rash 1975, p. 434/35). The survival of certain methods

a periodic movement of pedagogical modes is described

a. follows: "The current popularity of discovery learning,

inductive method, and the spiral curriculum in education

-; to suspect that the presentations of Ward (1719;

autors) and Davies (about 1850; the authors) were

1mc1 r=v -e satisfactory in that the students understood

the theorem better or appreciated its usefulness more if_-

the inorious attempts at multiplying binomials raised to

vorLous powers by brute force was tried first" (A. Rash

1975, p. 434/3 .

it should be easy to show that the prominent and by now

time-honoured dispute about "discoliry learning" versus

"expository teaching" was (and stn. is) determined by

differing concepts of content. Two po3itions of learning

theory, viz. Bruner's and GagrCe's, which had to serve

as justifications of this dispute, are being compared

in Shulman's summary as follows: "The implications for

the sequence of the curriculum growing from these two

positions are quite different. For GagrCe, the highest

level of learning is problem-solving; lower levels involve

ficts, :.lorcepts, principles, and so on. Clearly, for

the appropriate sequence in learning is in term

of ne diagram below, from the lottom up. One begins with

simple prerequisites and works up, to the complex capability

sought."
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"For Bruner the same diagram may be appropriate, but the

direction of the arrow would be changed. He has the learner

bogin with problem7lely1rig. Once confronted with a problem,

whether embedded in the materials of instruction or directly

prdsented hy the teacher, the learner will be led to move

back through the hierarchy to fo-m the needed associations,

attain the necessary concepts, and, finally, derive the

appropriate rules for solving the problem." ... "While

for Bruner 'knowing is a process, not a product', for Gagn6,

'knoc,ledge is made up of content principles, not heuristic

ones'. Thus, though both espouse the acquisition of knowledge

as the major objective of education, their definitions of

knowledge and knowing are se disparate that the educational

objectives sought by each scarcely overlap" (Shulman 196l

and 1970).

In view of this situation it will be comprehensible tha:

the following conceptual ideas and reports on our part

will result in a rather preliminary and incomplete pi:ti-e

only.

Of cir. the above description of the situation does not

imply i:ht the problem as outlined has never been socn and

that fhere are not a number of references to it in the

lit Thus, till, osychologist J.A. Easley writes for

instaLL: "vf' can sa-, that the demand will be an

increas: '0 .,rrceive opportunities for teaching

which-wiii ! .Je.nd in turn on developing teachers' conceptions

of mathematics and the teachin7 7,f mathematics ..." (Easley

1975). Goodlad, too, is aware of the problem although for

him it is more or less merely a problem of transforming

existing kno(,,- ge to the use of the pupils even if in

some respects he goes beyond thl point of view: "Teachers

have found that psyc,lological principles must be translated

into implicAtighs before they are useful. Similarly, one

ce.n become a student of history, chemistry or the fine

arts without giving enough thought to the relation of his

field to teaching. The teacher must be both a student

9 4
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of content o ganized for prese, , on and an organizer of

content for Instruction. In large measure, the adequacy

is dependent upon the adequacy of tle organizing framework

span of contrn1 - developed hy the teacher. ..- A too

limited or an e -oneous view ef content in the teacher's

span of control deprives all but the f-directing student

of an education" (Goodlad 1959).

A second group (cf. Bernstein 1971, Esland 1971, Kallo / _und-

gren 1975, Mies et al. 1975) approach the problem from a

fairly comprehensive sociological point of view which

emphasises the content and social factors determini,':_;

teaching process. The intention aiming at fuwecrltal

relationships is clearly brought out by F,

(1975) in the following descriptien contr. f their own

approach with a merely psychologising one: "The main

assumption guiding educational psychologists seems to be

that educational problems may be reduced to psychological

ones. ... we would suggest a more direct approach. Such

an approach should focus on the relations of what is being

taught, not to drives or motivational constructs-, but to

the studcnt'a present knowledge and life situation, ...

The atarting point is the system and not the psychological

processes within the individual learner or the teacher."

A central concept in this conext is the no ion of 'frame'.

Bernstein explains: "... frame refers to the degree of

control teacher and pupil possess over the selec_c_inn,

organization and pacinc of the knowledge transmjf:ted and

received in the pedagogical relationship (Bernstein 1971,

p. 50). Kallos and Lundgren comment as follows: "In our

writings we have used the concept of frame to cover other

aspects of ne constraints on the pedagogical relationship

in the classroom, too. We qui e agree, however, that

content frames arn of prime importance in the establirhment

of rules opera ing in the teaching process. The classification

and framing of knowledge (contentf51, usirg Bernstein's

(1971) terms, explicitly reflact mage of man ad the
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very concept of 1dia ledge applied within a particular

educational system" (Kallos/Lundgren 1975).

Another concept with a very similar function is qi en

expression by the term 'problems as variables' (cf. Mies

et al. 1975).

Finally, Esland (1971) attempts a very instructive view

"of teaching and learning, not wfth but os the organizaton

of knowledge" (p. 73). Ho shows how the core of many p,.L .,)-

gioal and psychological questions is to be fOund in certain

conceptualisations of knowledge. This s:econd group focusses

on the relationship between "perspective of teaching" and

"nature of knowledge" as die central issue.

Another set of discussions of our problem stems from the

area of philosophy o_ education. Paul H. Hirst (174) fer

instance has the following hints on our problem: "Any

subject like history or physics Dr mathematics is based

on the use of certain logical principles in terms of which

the explanation and theories distinctive of the subject are

validated, I tefer here to the logic of his orical explanations,

of scientific explanations, mathematical proofs and so on.

... Any teaching method for the subject must therefore respect

the fundamental logical principles without which no under-

standing of the distinctive form of validity peculiar to

this subject is poss'ible. ... The logical grammar involved

and the various possibilitiel for the logical sequence to

be used, are mt,ters for du.,,I,iination by un analysis of

the subject to be taught, not for empirical investigation.

How far these logical features do determine the teaching

of a subject, and areas within the subject, can be worked

out in detail only in terms of the specific content that

is to be taught" (Hirst 1974, p. 130).

Finally, the literature on the didacLics of mathematics

in a narrower sense, contains important references to the

teacher's concept of content as a dynamic element in the
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doubts au to tht-1 hatiirt of the mate l ii they ore nning,

much cloubts aro gook ly is sod I I Vtio Mathcena 1,1 cal

te.chn iqufNui 1,11 nd the roAn I red rosol t and if t he so results

makti! solute Hi ttna-nr, LI I the itit jt i11 Yoit hi i i.ro

and work. For trqwherq, luctstions 000cornind the nature of
mathomaticr. aro liKely mflle frequently and

attompts t(A TON01*-ir th MLISt tnevitahly be more Gust

lit duration" (11-irnn p. 2 1) .

Au mathfmn.ation In sinuli-aneously am Important ins

of

IL

Ip77 mo increasingly proranent in recent years, discussions

hho oonclopt c7if content tend to centre on a clar nication

of the relationship hot-Ateen applied and pure mathematics.

Howaver, the retiult in often no more than a plea to

emphasize one aspect ii the expense or the other. Thus,

Ormull describes re0c tIauuu LO his concept (cf. 1972a) as

follows: "A number of teachers have rtmarked to us that

this opproilch seems to omphasi2e applied mathematics at

the expenno or pure. In thin article the author wants to

try to deal as constructively as possible with thin
criticism of the project's approach, and to throw some

light on the rolo of pure mathematics within the

phaosophy underlyino tho approach" (Ormoll 1972b)

other ';ci 'fl(ofl and of ocleial rca It Ly and ii thoory of

own, and au the point of view of application has

The central importance or this relation;hIp betwe

and applied mathematics for the concept of content and

the reform of mathematics teaching is also underlined

by Baron ( 972): "ff wo introduce modern mathematics into

our schools is [t because we are interested in new content

and more powerful applications, or is it because we

interested in new methods and new ways of thinking about

mathematics? What, in fact, are the aims and purposes OE

mathematics teaching? Unless we give some Careful thought

9 7
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tn hp a growing c(ma(!wiu!,-1 Lo L W ri,!iyarwe of Lk! t;taijort_ canton

and il)e rIpen f qi.9nati.!ance itt Ii. 'ALL-Jowl Ochooi utlbjecto for

resoarch into jo ijivp o2cisses a nil !;oolal interaction

AJ.I.U.I.sfq. with a view to eptimiBe praahNil teaciling.

"There in a growing literature supporting the notions

of subject-matter specificity in the structures of knowledge

and forms of learning; it also supports the prohlon- or
ease-specificity of nrocessos of judgement and decisi n-making.

Althouur the 'psychology of school subject originally

cmijoyed its g reaterit popularity in the 20s and A0s, there
is a growing sense anong educational theorists that oUr

quest for universal subject-independent theories of

learning and instruction has ben hampered by ignoring

the very real differences anIong the subject ma-,teT areas

to be learned' (NIE-panel 1975, p. 28).

To a eerthin e this tendoncy also finds expression in

or concepts and proec!dures for a more practical orientati n

of teacher training. In the area of empirical research on

teaching, ennentially haned on indirect models tnf homogeneous

catogory formation for all. phases and nearly any kind of

taching, use is made above all of models of observation

anci analysis which aro content-independant. These develop

categories not accordinq to the subject of teaching but

rather cut of its socio-emotional chauleteristivs. It comes

as no surprise t,ere, of course, that the results of these

analyses although using identical Instruments depend heavily

on the subject matter: "Subject being taught exerted masmive

_rice on _
equ,Iney of occlirrence of all the Flanders

categories except praise ancl criticism. ine colossal inf u nce

the subject on the nature of classroom interaction is

k)
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certainly the monk Lrlkl and important find incj ..."

(Westbury ot al. 1971, 127). hOldeVer, tO turn to the

"microstricture of tho detail" (Spenhel, 1971) an

recommended by the exitico of content-indepondant observ Lion

procedures merely leads to an increasing complexity of

research designs. The only observation procedure specially

developed tor mathomat ow.:111.11q (Wriqht et al .

contains so many variables that tor this reason alone

it is only suitable for purposes of hypothesis-tenting

research. As ohservntion procedures of thIs nature are

only suitable for descriptive purposes and not for the

planning of teechind behaviatir, a stronger incorporation

of didactic theory of the subject cannot be expected to

overcome their practical ineffecttveness.

As far as models of details are concerned which describe

sections of toachinq situations and situationally usable

skills there are '72ontent-lndeoendant ones (e.g. "verbal

reinforcement") likely to occur in any kind of teaching

and others whoso frequency varies accordind to the subject

or which in certain subjects do not occur at all. Accordingly,

microteaching and microanalysis practise and analyse

subject-specific skills and situations as well an

subject-independent ones. Recker (1973, p. 22) writes in

this cente.xt: "Zwar lessen sich viele Lehrer-Verhaltens-

weisen zumindest kur7zcLtIq in jedem Unterrichtsfach n-

"-n dooh haben einige Teaching Skills filr besttinmte

Nicher hihere Relevanz." The consequences of this for

teacher training are obviously that a combined subject-suec fic

and subject-independant approach to diagnostic and action-

orientated training makes more sense and is more efficient

than a mer ly subject-independant one. "Intelligent

diagnostic teaching of any subject requires that judgments

be integrated regarding both student characteristics and

properties of the subject to be learned. ... In general

it will be insufficient to prepare teachers ag diagnosticians

and decision makers, per se; they must learn te match their

strategies of judgment and prescription to the specif c

9 9
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characteristics at the subject art t In .dt Irli they ore

working" (Shuluan

In tho fiamowork of minicciur one there are a

number of mit:A with speeiat reference t. o mathematics

teaching (e.g. I ir r'rch 'ems of individualisation). The

"(Thtalogue a roc i. Matcrialf7." or 197':), how-vc'r, maker:

no mention so far of any units fo- ruaLI;ont: Ic:; Pcro rding

to the "Master Coordinate Plan" (s. 3.5.) which monitors

tia: development of rjr otocol materials there are four general

classes of conce ts basic to the teaching process:

"1. Concep

of the subject

taughtfrom the conceptual structure

Ccnceta to teach with

of the subject

the conceptujil Foundtlons

Concept for profoss inI understand noinn the hman-

istic and behavioral foundations of education

4. Concepts tor skillfull teachinq--from the humanistic

and behavioral foundation for professional practice"

(Ph.C. Smith 1973, L.

Thin list is reniarkable for various things. The intention

to represent audio-visually concepts from the subject

content itself has so far been carried out only For the

subjects lanquage literature, reading and social sciences.

This approach sharon the problems of the ucture of the

discipline"-con ept as outlined above and it is certainly

questionable whether practising a taxonomy of mathematical

motions via their empiricistic representation is in any

significant wav favourable to the development of adequate

strategies to deal with the content side of t aching. Rather,

it seems h ghlv remarkable that this introduces metaknowledqe

of the content (2. above) as the real subject leaving it

open w hether teaching isolated notions is suitable for the

10)
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acuuio i Jc'n of this ki ud if knowled alists

;cein to notice though that tho concerts the protocol

materials themselves are in need of being placed within

a complex theoretical framework f they are to contribute

to "professional insight and rderstanci ing" (Ph. (. Smith

1973, p. 34).

Plnal17, it is -ing that the expli,7it place

content hal found within Che areas from which concopts

are being c )scin the classes of concepts mentioned under

3 and 4 ,how no reference to the subject matter, As usual,

the content side i- only considered in connection with

tho cognitive side of teaching, its consequences from a

social and psycholcoi point of view however remain

untreated. In conjunction with corresponding procedures

and models th s can lead to teachers without an eye for

the necessary mediation between cognitive, emotional

and interactional aspects of teaching who then take rather

narrow points of view which develop in many places throuqh

the established organization and concept of science as

subjectspocific processes of specialization and which

gain an unchecked influence on the actual teaching itself.

Concepts relevant for the didactics of a subject which

refer to subject-orientated teaching strateqies are once

again a victim of the unfortunate separation of science

of a subject and educational sciences.

ri is clear that for mre complex teaching stratecles the

dependance on the content is more prominent. Accordingly,

more than a third of the teaching models listed by Joyce

ot al. (1972) cannot be used in all subjects. The "General

Catalogue of Teaching Skills" edited by the Multi-State-

Consertium on Performance-Based Teacher Education in 1973

starts by laying down the folio ino objectives for the

teaching of mathematics:

"1. 7o develop in the student an awareness of the nature

of mathematics as a legitimate human endeavor.

2. 7o equip the student with the skills needed to implement

1 1
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any career decision which is consistent with hin or

interests and ability.

To develop problem solving al l 10 (Lester 1973,

On the basis of these nhjectIve in ividual skills are

then specified and de -ribed n the framework of the

three basic models of mathematics teaching i.e. expository

teaching, structured inquiry approach, unstructured inquiry

approach. "... the focus in on identifying a core of skills

which enables the teacher to pull together the underlying

knowledge about students, goals, mathematics, and pedagogy

and various external cues to make sound decisions about

instruction" (Lester 1973, p,

Hero, too, the Ambivalent relationship to the content aspect

is quite apparent: on the one hand the prime objective of

the trainjna of teachers of mathematics is to be an

"awareness of the nature of mathematics as a legitimate

human endeavor, on the other hand the specification of the

individual skills is based on models which are not subject-

specific and therefore make it hardly possible to implement

the suggested priorities. W)iat needs to be done is to unfold

the connections bettleen the "perspective of teaching" and

the "differentiated view of the vontent". Reduced concepts

of content usually lead to reduced views of the variety

of aspects of teaching and the teacher's role and conversely

the concept of content influences and monitors the inter-

dependence of the various dimensions of the teacher's

acitivities. The difficulty here, is that the various contents

play a double role in the teaching/learning process in that

they are objects as well as methods: concepts, theories

and knowledge in general always represent objective and

social implic -ions at the same time as subjective and

objective ones. Knowledge is of an anti-empiricist nature:

Teaching of learning a concept is not comparable to the

handing or taking over of an object. The teacher therefore

must not only know the individual concepts (theories etc.)

he wants to teach, but he must also know something about
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the nature of the scientific concept, i.e. nets

concepts as tieor tical entities.

In his very influential book "T achers for tho Real World"

ith 1969) which has run into many editions Smith

makes a distinction between 'knowledge' and 'knowledge

about knowledge' thereby marking probably the most conscious

and influential expression of this problem. It is true though

that Smith's concept of 'knowledge lbout knovledge' is full

of eclectic ideas which have given rise to problematic and

ambiguous developments.

Cooney et ii. (1975a) explain Smith's apnreich as fo s:

"It is generally recognized that extensive Knowledge of

both subject matter and basic psychological principles

applicable to classroom instruction are essential aspects

of a teaeher's knowledge base. What is net an readily

recognized is the fact that there is another type of

knowledge that is basic to effective instruction. As

Smith (1969) puts it: 'It has only recently been recognized

that there is another sort of knowledge that can influence

the performance of the teacher: that used in thinking about

the subject matter and the logical operatIons used in

man pulating it'" (p. 125).

And Smith himself continues: "To handle the subject matter

of instruction in certain difficult situations the teacher

does well to understand its elements, its loeical dimensions,

its uses, its relation to pupil needs, and the degree of

its social 'neutrality'. Because teachers do not now possess

such.understanding, they frequently handle the subject matter

of instruction in superficial ways. Consequently, class

discussion often suffers from undue vagueness and ambiguity,

from unfounded and unchallenged cla ms, from a failure to

develop the significance of the content" (B.O. Smith 1969,

126).

If they are to become part of educational programmes,
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'knowledge and ' kr iedrjo about _nowled e' must develop

me kind of cp siv form. For Smith the borderline of

the relationship between 'knowledge' and 'knowledge about

knowledge' runs alonl the line of specific/genernl.

"Knowledge about knowledge in general enables the teacher

to gain this higher and more comprehensive perspective.

This sort of knowledge is built upon more particular

knowledge of the elements of subJecti matter and the relations

among them, the uses of the disciplines knc-wledge, and the

way their information is manipulated and its dependability

decided" (Smith 196q, p. 113).

To avoid the problem of the intersubjectivity of the

meaning of empiric concepts this approach makes it seem

natural to identify owledge about knowledge' with the

codifiable knowledge of formal logic. Correspondingly,

Henderson who in the orea of mathematics teaching has

done a great deal of research and development work

coordinated on the basis of Smith's apprOach (cf. Henderson

1970, Coortey/Honderson 1972, Cooney et al. 1975h)

starts his explanations of a model of the acquisition of

concepts by talking about the generally 'problematic' and

difficult relationship of psychology and logic: "In the

first case, a concept appears to be the set of associatio:

a person has with the term that designates the concept.

This point of view nmphasizes the individualistic nature

of a concept, but in so doing it loses theoretical power;

it is not useful in a theory of teaching mathematics.

Ordinarily, the mathematics teacher is concerned about a

restricted set of associations which are supposed to be

invariant as to c neept-holders; he is not concerned with

the emotional and attitudinal connotations of the designating

expression" (Henderson 1970, p. 160) . And consequently he

defines 'concept' as follows: "It seems consistent with

the foregoing to regard a verbal concept as an ordered

pair, one component being a designatory expression' a name,

and the other being one or more rules far using the designatory

expression. (Some may( wish to say 'meanings rather than

1(
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'rulO for using'. But mganing is not a w

one ham only to consult an unabridged dictionary to realize

its ambiguity.) Hence one component is in the metalakiguage

and the ether in either the object language or the metalanguage,

depending on its use" (Henderson 1970, p. 170).

The connections to the problem of me,-iin end

implicit and underdeveloped in most educational Lhcc

or psychological theories of cognition. More deVeloP d

approaches can bc found in Ausubel's distinction between

and psychological meaning or Plaget's desAgnation or

dif. ferent deep structures in any empirical subject by the

terms of 'psychological suhj versus 'episteMIC Snbject'

(cf. Beth/Piaget 1966, p. 308). Generally, the attempt is

(including Henderson) to exclude the problems of meaning,

because meanings are considered individual, theoretically

useless, alogic, even 'unsocial', whereas the Locrical

relations only are considered teachable and learnable

as concepts and concepts as structures. This ia the

notion of concept in formal logic in which the concept

has no intuitive, disparate nor genetic features. Cq.

accordingly high importance are concepts of the 'str cture

of knowledge' in the sense given to it in formal logic;

they represent as it were the backcloth on whict learning

happens. "Since one of the emphases of curriculum ranvements

in mathematics and science in the last decade has been

to produce materials which help students in seeing the

overall structure of the subject matter rather than

viewing the particular items of knowledge within th e

subject as ends in themselves, it behooves teach

utilize teaching strategies which maximize the understandings

of the interrelationships present in knowledge which are

exhibited in these curriculum materials" (Cooneycadorson

72, p. 429/430).

and characterizations of formal logic are c0aext-

depoadant and not absolute. Disputes on whether a problem
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is of an alcjoriLlimc or houris-ic nature or whether logic

in a moans to acquire new knowledge or is only helpful

-)dify what ono knows already are quite Iruitless if

carried on in isolation, in an 'absolute' framework and

in an 'absolute' form. Consequently, logic cannot nerve

as a basis to the structure of knowledge and its jecti-

vi y (cf. Churchman 1973). Above all, however, there is

ne logic of operations or leaching and

learning without a logic of one in

:tried to say that any 'l gic', and formal logic in

par,uiar, has its roots in the inter elationship of

'log c of actions' and 'logic of objects': that is what

makes its status as logic. In formal logic, however, this

has taken a form which does not directly accommodate the

development of the system of cognitive operations, the

means and instruments of these operations, the aims

problems, the values and purposes. In teaching and a

in science, there cannot be an equilibrium between cognitive

activities and their content, between the aims, means and

purposes in any static, fixed way, in the sense of, say,

a superstru ture a comprehensive, unified formulation

of all the interrelationships from which one could then

deduce a model of education. The concept, too, is not a

structure 'as such': definitions and notions obviously

reflect certain functional objectives, are context-depe d nt,

just as the statements and interpretations of formal logic

H. Fehr (1966, p. 225) comments on this as follows: "A

mathematical concept, even the most elementary or so-called

basic one, Is not a simple thing but a very complex entity.

Similar to the structure of an atom which in its nuclear

description becomes a more and more complex structure,

the apparently simple idea 'cardinal number' becomes on

investigation a multiplicity of ideas. Indeed a general

concept of number is attained only by very few persons

after many years of mathematical study."

The model by Cooney/Davies/Henderson as the only systematic

atteinit so far to ma e 'knowledne about knowledge'
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central point of the_educatton of mathemattc_tc_aeligkSil

reduces these intorrelationnhips and con therefore not

sufficiently give justice to the impartanoo of the new

approach for the development of an adeoato concept of

eontent for the teacher. The idea of 1 cOnv.4 on which

thts model is based in II Iuttrritcd in the Pal ow Iruj diagram

showing the classification of con

Cow it

Mg-40in,

Honekriu NI it e

(Henderson 1970, p. 176)

On the hasis of thin analysis and addiLiOnai onos of various

functions of scientific concepts indivIdiat steps, or 'moves',

in the teaching of concept rc being tIrntified and explained.

Taken tegother, this results in the foltDWlflq typoloqy which

corresponds to the above concept cia Ificatlon system:

emm0Mcolion

Iftwi1 in460.41

Eng

Count tteximpin
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NetZaftaty coOdit

NecliWry M hf
COnditiOn
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Wilhaff0000

vittioul f NOW

(Cooney et al. 1975, p. 107)

This typology fits in with the method01 T oriqinated by

101

107



h. !anith whioh trios "to duW(OOP d ei dividing verbal

teaching bhavior into pedagogically signiiicnt unlLs,

and to analyse the units in logically meaningful ware

(Smith/Meux 1970, p, ft).

Tho centre of In -:rest For the authors iq the e.xael_ description

and identificati( i or tkene 'moven' their typology: the

development of those 'moves' Into strategler., the decision

on the meaningful uso of these 'moves' in learning ttequences

urn social tuld psychological conditions, these

are aspectu which receive only global. treatment and which

aro dealt with in a Few words, This, however, Is where

we are faced with ono of the thorny problem oE a teaching

theory: how are the various 'bits and pieces (in this

case the 'm von') to he composed, under the given social,

psychological and (mathematical) content conditions, into

a kind of sequence which makes a continuous Leaching

proceWl possible?

Cooney et al. give an example of a lesson on the acquisition

of a concept which throws an interesting light on the

underlying theoretical positions: "To illustrate the other kind

of counterexample possible from a false definition, let

us suppose a student states as a definition of an exponent

that It is a number written to the right and slightly

above another number that tells the nurrther of times the

number is taken as a factor. The following dialogue is

conceivable:

In an exponent?

T I agree that t -2 is written to the right and slightly

above 4, but what does it mean to say that it tells us

how many times 4 is taken as a factor? How can a number

bc taken as a factor -2 times?

The exponent has to be positive.
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Ah', yes.

S Yes.

/2 in 1 2 e xponent I's posItive

Does 1/2 tell us how many tjre 4 is taken as fa,ctor?
What does it mean for a factor to be taken 1/ 2 times?
Well, an exponent is a whole number viritteii No, it's
any- number written to the right and slightli, above
another number.

T Is there an expone t

S Sure. 4.
T But you said ' o the rig aid slightly abeve another

number', which seerns to say the numbers are clifferant
In 4

4 the two 4's are the save numiter.

S O.K. Slightly above and to t_he right of any number. -

T Well, you're getting there. Is 0.5 in aCi' 5 an. expora t?
And how about b in x12? Is b an exponent?

S Yeah. They're both exponents . O.K S2ightl3t aboo afl d to
the right of any number or any variable,

T Just to be sure we 'vs got it ri_ght, state the defini
as it ought to be.
An exponent is a number o a variable that is written
to the right and slightly atrove any number or vriab1e.
I ' I buy that" (p. 100( 1)

Even if at the beginning the pupil still has a
of the exponent which teLls tin something abott its or'iqin
and function ("multiply as olten as the exponent indieates" )
and which could serve as a basis to develop tlua complete
concept from, in this learning sequence 'auitably' sel.set d.
counter-examples drive hin into a corner from' where he
has eventually no alternative b-ut to give the reluiredi
repetition of the purely forrial efinitor f the onceptm
"An exponent is a number or a %variable that is wittters
the right and slightly above anlf number or variable." - As
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if this definition could tell anyone anything about the

content of the concept!

If there are a c3roat nulaber of comb_nable properties of

concepts and therefore long 'move' sequence, ome has to

make a choice between a great number of different atrategi--

The development 01 such a strategy can be brought into an

algorithmic oyster, because the concept as a given inventory

of fixed elements and the process of change from the examples

to an insight into the general value of a concept are thought

te be 'linear processes'. Cooney et al. reduce the teaching

process to the structural level, i.e. to the problem of

'transporting parts of a theory from the head of the teacher

to that of the learner'. This idea is consistent with the

belief that it is possible to make tho process of teaching

automatic: starting from a fixed, given structure a set

of rules and procedures is developed which monitors the

transmission and composition of the concepts in such a way

that something like a copy of the exiSting mathematical

structures Is the result. Wowever, with scientific concepts

it is impossible to see at a glance and once for all how they

are going to be constituted. Concepts have not.been under-

stood or learnt if their passing-on can be acknowle ged

throuqh an enumeration of their properties. Without'

interpretation, without know1.2dge of the moaning of

concepts And uithout reference to existing knowledge

and existing mathematical theory the learner will be

unable to make use of these mathematical structures. Just

as the teacher himself must have 'knowledge about knowledge',

i.e. in particular about the use, Origin and development

of knowledge, he can only help the learner to acquire new

knowledge via the loarner's previous knouledgel his system

of activities, the 6=10-communicative and object-related

world in which concepts are dIrectly meaminctful, comprehensible

and interpretable for the pupil. The 'second kind of knowledge'

imst therefore Inevitably include the reference to the

previous knowledge of the pupil. The toachinq process
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does not follem a cltrect immediate line from the given

cognitive content structure to the one to be established.

Based on his utderstandinq of content and the nature of

mathernatical concepts and under reference to the learning

disposition of the pupil the teacher has to match 'content

of concept' and 'activity system of the pupil'. This matching

is 'problematic', i.e it is not solvable once for all and

cannot be made automatic. Openness of the systems of

'ccntent''and 'acquisitive activity', their variability

and the 'statistic nature' (cf. N. Wiener Yo.y., particularly

p. 270/71) of their combination render the creation of a

final definite teaching strategy impossible. The only way

one can suggeSt of dealing with these problems is to keep

using the teaching strategy concerned, in parts at least,

as teaching content of a new strategy.

A similar sucqestion has been made in the 'Concept Attain

ment Teaching Model' by Joyce/Weil (1972, p. 109-122). Here,

three of the four phases of the model are concerned with

strategies of concept aocniisition, whereas one, the fourth,

givesqhe nuril the role of the 'teacher' and makes him

teach concepts to his fellow pupils. The strategies of this

phase, too, are being turned into the content of teaching.

To 'turn strategies into the content of teaching' does not

mean, of course, that it is intended to train the pupil'

as teacher; this is already impossible from the content

point of viewo since there is no treatment of strategies

as such, but only strategies and procedures of teaching

as developed from the content and 'experienced'. It still

remains the task of the teacher to structure this effectively

as a teaching strategy where the aim remains tbe teaching and

acquisitiOn of concepts and where 'strategy for strategy's

sake' is not going to be the'necessarily forMal teaching

content. To 'make strategies the content of nem strategies'

is probably too difficul to be carried out in a constant

change of methodic levels. It can only be our tauk here to
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show up how the teac rs' me knovleige about the meaning

and function of contents can fiid expression in teaching

strategies. This result at the same time in indicattons

how bn develop concepts of t7)'s metaknowledge further and

how tin integrate ales in educat onal programmes so that

they really penetrate and structure the acquisition of

content rather than just formally reducing then to a common

deneminator.
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6 . Condu6-ion4

It is with reservations only that it is possible from

a-survey of the research situation in the area of teacher

education to arrive at further theoretical and practical

consequences. This is particularly true for the practical

consequences if the failure of empiric-rational strategies

of innovation as described above is to be taken seriously.

In what follows ve are therefore not concerned with more

or less directive pieces cd advice, but with offers of

discussion to potential futurepartners of cooperation.

Much is in need here of greater precision and of correction

through experiences and knowledge from other theoretical

and practical contexts.

As the institutional and content conditions pf a reform

of teacher education in the Federal Republic has as yet

been insufficiently disclosed by research and as this

paper exclusively concentrates on umrking out a basic

position on the basis of the present research situation,

the external conditions have so far been neglected. At

this point, however, where um are concerted with formulating

suggestions as consequences of the results worked out so

far, this practical and theoretical context must of course

be,taken into account if the suggestions are to be more

than just a list of desiderata. In addition to the results

of the apparently incomplete research literature therefore

we have also tried to take into consideration the conclusions

we arrived at through pilot interviews in relevant

institutions of teacher education in various states of

the Federal Republic. A summary of the results is given

elsewhere in the documatation.

-At the end of these introductory remarks there is the

reservation that according to previous experience in

educational reform research and development represent

only one factor determining changes in contents, methods

and forrm of organisation of the education system, and la
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view of the inf uences of educational politics and

administration it is hardly the decisive one: The conditions

for the implmmertation of the following suogestimns offered

for discussion to re-structure the traintng of mathematics

teachers therefere go far beyond the range of activity

and framework of comeration of one research team.

The above sjtuatjon, as background and precondition to any

discussion of pessible alternatives to the present practice

and research in the training of teachers of mathematics in

the Federal Republik, can be briefly characterised as

follows: predominance of administrative innovation strategies

and corresponding deficits in the field of curriculum

development and in-service training of eechers; little

influence of teachers' organizations on educational

reform, particularly in the field of the curriculum;

anibitious integration attempts failing because of the

division and individual momentum of the disciplines and

institutions to be combined, whereas institutional and

content-concerned levels of mediation with restricted scope

and limited tasks are lacking. All of this has to be seen

on the background of a changing legal framework in thp area

of teacher education which is oriented towards the

reduction of the length of studies and the continuation

of the differences in the lenght and quality of the

education of various groups of teachers according to

different types and levels of schools. The corollary

is a financial policy pressing for cuts and the re-consideration

of expenditure and investments particularly in the field

of education. rt is well-known that public opinion too

is no longer as favourable tes educational reform as it

used to'be.

At the same time it becomes more and more paren_ that

the research preparing the ground for the implementation

of reforms in teacher education is insufficient.and that

many practical and organisatory problems do not only necessitate

new extensive research, but also a re-structuring of the
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ncepttal basis and of the established system of division

work in science. "Der politische FrUhling der Bildungs-

reformer zog so schnell vorbei, daft die Forschung nicht

nitkam" (Luhmann 1974a, p. 16).

In connection -ith the justification from the point of

view of innovation strategy for the increase in importance

attached to teacher education in the context 0f the reform

the earriculum for mathematics it must be taken into

account that the re-structuring of study courses within

the institutional framework of university and'Studiensemi

tar' (tzaining phase) poses serious problems of imolementation

and dhat this area as opposed to innovation at schOol level

has so far hardly been covered by innovation research.'

Such a restructuring would need the cooperation of institutions

whose ferms of organization, predominant values anti

perspectives of reality are in certain respect extremely

diverse and cam therefore be reconciled with great difficulty

only. It would for instance seem obvious to suppose 4

comparatively low degree of difficulty to arrive at a

correspomdence between the general educational components

of the 'university course and the training phase, Nebody

denies that this is necessary. One of the main complaints

of those responsible for the training phase is indeed about

the deficiencies of the educational component of the uni-

versity course which forces the training phase to fulfil

tasks which it is ill equipped to do and which keep it

away from its proper job. On the other hand the problem

has to do with agreements about identical or at least

related contents and methods. However, in the institutional

contelct Of the university and of the training phase, the

fferences in the research relations of the educational

sciences, in the organization of teaching, in the binding

nature of course plans and in the administrative

responsibilities under the present conditions.are Suoh

as te make this agreement an apparently Sisyphean task.

Because of their marginal status it is easy for medIating
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levels with coordinating functions to be choked out of

existence between various discipl nes or between science

and school realtiy or to be swall wed up by one of their

more powerful partners.-There is for instance an ardent

dispute in the faculties about the institutional place

of the didactics of a subject which would have to fulfil

such a mediating function between the subject and the

educational sciences although there is no clarity about

the conceptual implications of a mediating function of

that nature and the position of the didactics of a subject

in teacher education (cf. West German Conference of

Principals (WRK): Proposals fer Teacher Education 1975)

and although no corresponding emancipation of the didactics

of a subject from the subject and from the educational

sciences has to any great extent taken place. "In some

sense, the organization reflects the way 'knowledge'

is defined. A redefinition of knowledge (e.g. an inte -

disciplinary approach) will meet a number of constraining

factors, many of them reflecting power barriers within

the institution" (Dalin/McLaughlin 1975, p. 13).

All these points can only mean not to pitch one's hopes

too high as to the next steps in the reform of the education

of teachers of mathematics. Their institutional and

administrative back-up will be rather inadequate.

From the organisatory side the aim can therefore only be

to make use of the existing institutionalized channels of

cooperation and communication and to establish a network

of informal contacts between representatives of the various

areas of experience concerned with-the education of teachers

of mathematics. If however these informal contacts between

those concerned are to become productive, they must have

a content basis as a precondition for the exchange of

experiences and the development of common or coordinated

concepts of problems.

is not sufficient to merely coordina e the ident ication
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of shifts Qf topic areas and to create more efficient systems

of information and communication, because this does not change

the established state of knowledge and system of science

in any way.. For the development of content basis the most

sensitive points in our opinion have to do with the

relationship between theoretical education and practical

training on the one hand and between the subject-related

and educational aspect of the education on the other. For

the first relationship the most promising startingpoints

seems to us to be the use and the theoretical analysis

of the various procedures of simulating practical situations

as developed above all in the United States. The second

relationship necessarily implies a reconsideration of

the basis of the didactics of a subject. In the context

of a theory of teaching this would have to account in

particular for the institutionalized nature of teaching

processes and it is against this background that it would

have to analyse the interrelationship of social and

subject-determined aspects of school work.

A basic reconsideration of this nature includes the development

of a concept of general education which establishes connections

between the contents and methods of a subject, the personal

development of the child and the social function of the

appropriate science. It is this alone that enables the

teacher to relate consciously to problems of relevance,

motivational difficulties, but also to the essential

cooperation about content questions wi h colleagues from

other subjects.

This raises of course also the question of possible aims

and objectives. As in organised cooperative working processes

objectivea_cannot be kept invariable and as this text can

only be an introduction to working processes of this kind,

the authors have adopted a certain reserve in this respect.

Factors lor the identification of aims would probably result

from analyses of the effects of completed or nearly

completed changes in teaching and schooling on the role
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and task of the

although non-subje

of OECD (cf. OECD 1974).

they are-being attempted,

eally, Within the framework

One of these factors would be the subjective disposition

of teachers necessary for innovative behavio (cf. Frech/

Reichwein 1971; Prech 1972); in view of the stated lack

of mediating institutions and of integration of the

content of practice-related knowledge these dispositions

gain additional importance. In this context, however,

one would also have tn consider the determining influence

of schools as insti t ons to avoid asking too much of

the personality of the teacher and to attribute to it

what in fact has institutional reasons and is therefore

only changeable on the institutional level .

A further factor which in our opinion has so far been

rather underestimated would consist in the development

of some subject-specific metaknowledge about the subject

content which could enable people to keep a critical

and conscious disterue to reforms and at the same tine

to contribute actively to them. This cOUld become a

decisive link between the subject-related and the innovative

or pedagogical and psychological qualifications, since

_t determines the contents within the Social context and

under reference to he personal development of the child.

From the point of vla W of stabilising innovative subjective

dispositions the importance of the recolArse to the subject

contents has also been noted in instances where the

innovation process iS basically seen as the individual

enforcement of progreasive attitudes resulting from

experiences made during university stud "Die von uns

erarbeiteten ErgebnisSe weisen darauf hin enn sie diese

These auch nicht im strengen Sinne belegen), da3 eventuell

der Immunisierungse-rakt, den ein kritisoheS HOchschul-

studium gegentiber dent Anpassungsdruck der Berufspraxis

besonders wahrend des Referendariats haben kann, dann azT

grUten ist, wenn inn vative Haltungen sehr stark mach



-h konkret_ ert sind" (Frech 1974,

In order to further clarify these ideas of objectives

which we have intentionally left open, the following

deductions concerning the passing-on of theory ahd

practiCe in teacher education and concerning poSaibl,e

forms of the subject-related and the didactic components

of a study course are put forward for discussion.

Individual integrative achievements and their svppor

in t acher education are to receive by far attaitton
them they have been given so far in teacher education.

For 4 practically efficient study course for teaCliers it

is eessary for every student to evaluate and to integrate

gained insights with a view to his behaviour in hi own

job, Teaching, more than any other activity, ctioeliy

demands new achievements in the subjective redu.ti of

complexities which even an optimally integrated, kind of

education can only prepare, but not entIrely pe ture.

This means that in the whole framework of theortica and

practical education rocedures of a reflective

are Of great importance. They encompass all learning

situations in which personal knowledge, personal attitudes,

persOnal feelings and personal strategies of hehaviger

can be made conscious. This implies group dynamic arrangements

as well as aids for the clarification of subjectiVe prOcesses

of theory formation and of decision, the various kinds

behaviour training as well as the support of selfwdiagnosis

and of the development of individual aim perspeCtlmas

and le- rning strategies. The discrepancy between the

superf oial objectivity of,the contents and the e1itability

of permanent subjective (although not necessarily irrational)

deciaions during studies and later is particule,gly silda in

the $ubject of mathematics; therefore reflective wmeedures

should also be used in a subject-related waY,-e.g Within

correepondingly structured learning sequences i n the didactics

of the subject.
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Subjective interpretations of situations by the learner can

change curricular intentions to the contrary also in teaCher

education. Thisis quite obvious for a central component

partiCularly of the traditional'two-phase education, viz.

for the first contacts_with Practice during studies.

Available international findings agree that the function

of school practice is seen differently by students as

opposed to lecturers or'tutors. "At the moment school practice

fulfils diffuse purpoges'andprovides for wide but un-

differentiated laming experiences. The result is that

students have difficulties in realising and coming to terMS

with their school practice role. This is anoarent from the

amount of ambivalence and potential conflict resealed by

student responses. Their value systems ... indicate

that students place moat importance on the opportunitieS

practice provides.for the adjustment of the self to the

demands of the student teaching role" (cope 1971, p. 107).

The important though ambivalent significance of this

experience for the ability to code%with the 'practice shock'

is continually being referred to. The variations developed

within reform conceptions as for the re-structuring of

the first contacts with practice are numerous (cf. Buick-

punkt Hochschuldidaktik 35, p. 237 seq.) but as yet not

sufficiently evaluated. The 'Empfehlungen zum Praxisbezug

im Studium' (Herz et al. 1975, p. 64) say in this context:

"Die hitzig aefiihrten aber unabschlieBbaren Diskussionen,

welche der alternativen Intentionen und Pormen besser oder

gar einzig richtig sei, waren vielleicht UberflEissig, wenn

es eine Sequenz funktional verschiedener Praxisphasen und

-erfahrungen im Studium gabe." To agree with this view

does not yet mean to be in possession of an adequate

concept of differentiating the functions. However, the

following separation'of three ddfferent functions sugg

itself: adaptation to a new social context while reducing

as far as possible additional subjective stress, systematic

exploration of the social context 'school' (pre-structured

through theoretical knowledge and specific observations)/

12,0
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the trying-out of professional competeecies in teaching.

For the last point the procedures for enecting theory

and practice referred to in part 3 woo d be of particular

value and would at the same tiMe offer the possibility of

additional function-specific differentiatione under the

aspects of strategy formation, skill development, development

'of psycho-social competence etc. Parallel to growing

experience with individual functions the degree of

differentiation can be gradually reduced and the oomplexity

to be coped with be increased. It is tedeed the great

advantage of reflective procedures to develop selection

and complexity in a systematic and coneCious way. This

means that theoretical knowledge becomee easily connectable

and that experience with practice is deVeloped which shows

,reality as ccinsciously controllable and. oot se unstructured

as to leave adaptation as the only poSeible reaction.

The closer identifications of the .roblern of theor versus

pIe_M. ce which in America have led to e ragmatic restriction

to teaching in the narrower sense provide at the SAM time

the possibility to define more closely their relationship

to the teaching contents. The respecttve evaluation of the

various procedures as attempted in chapter 5 yields two

main results. First, by focussing on skills, eoneePts,

and models of teaching certain concepta*, defleits in the

concept of content in these procedures beeome more apparent

and are at the same time more specificealy identifiable.

During the development of Protocol Materiels for instance

this became obvious in connection with the di,fficulties

resulting from the individual characteriaties of didactic

as opposed to subject-specific or educational, concepts.

Secondly, Just because of their dual, 1.,e. dOsoriptive

and prescriptive,function many of theee preeedures represent

a compromise between the passing-on of general educational

information and the unsystematic appreeeh tO Occidental

practical occurrences. They therefore offer more systematIc

and concrete orientations for didactics than the fast-chan ng
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'fashions' in the educational sciences or than practice

entirely based on 'craft traditions'. In this respect

these procedures if used widely and accompained by

corresponding pfogressive developments could become

integrative elements between theory and practice in

teacher education and could provide important impulses

for a re-definition of the basis of the didactics of a

subject.

It is changes in the subject and methods courses within

training which in our opinion provide the most hopeful

prospects although it is precisely the field of didactics

which has the greatest need for development.'

The specific difficulties of integrative attempts in teacher

education which are the result of the previcmsly,discussed

dual nature of theory in its relationship tO practical

teaching are bound to increase in future, since on the

one hand more emphasis is to be given to the subject

reference of teacher studies while on the other the

educational and sociological oomponents are to te extended

and re-structured. In all probability the respective .

disciplines and components will develop still further

away from each other while the didactic of the subject

are at present too feeble as integrative force to be

able to coUnteract this trend.

Capacity problems at university level encourage the tendency

of established disciplines to look after, and keep to,

themselves and with this they contribute to the desintegration

and reduction of didactics. It is nd surprise therefore

that at present the didactics of a subject are sunported

neither by a developed system of educating their own

future personnel norby a developed and sufficiently

documented teaching tradition. Emancipation from the

concepts, approaches and kinds of teaching of the corres-

ponding science has been slow; it is still true that nearly

in all Colleges the subject-related canponeat in the education
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of future teachers of mathematieS is taken care of by

people primarily concerned with didactics and that the

more theoretical aspects of didactics are hardly reflected

in the teaching at our Colleges (cf. Bauersfeld et al.

1971, p. 111). Lack of material and equipment is often

the cause of provincialism in work on didactic problems.

The construction of content-oriented courses at school

level has been very much the centre of interest of those

concerned with didactics, whereas basic problems and

problems of dissemination are much less prominent and

have often been considered untreatable even where they

have aroused interest (cf. Bauersfeld et al. 1971).

There is a wide gap between the objective demands on

the didactics of mathematics as an integrative discipline

of teacher education and the present state of its con-

ceptual and organisatory development. This can only be

overcome, and its key position in the framework of

teacher education been done justice to, by increasing

the theoretical demands towards it and by confronting

it with more ambitious tasks. It is in this sense that

the following remarks about the subject studies of a

teacher are to be understood.

We start from the assumption that every teacher needs

wellfounded studies in the subject itself. There are

indications that teachers of mathematics with a more

thorough mathematical education are more flexible and

open in their teaching behaviour when dealing with materials

as well as when interacting with pupils. What is not

clear so far though are the problems of which kind Cif

mathematics teachers should know, how far advanced they

should be in individual mathematical disciplines and

what degree of specialization would be desirable (Begle

1972).

We consider it neither possible nor useful to look at the

mathematical studies of future teachers entirely from the
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perspective of their future profession, e.g. in the sense

of a curriculum instruction tu 4 mathematically enriched

version of 'elementary mathematics from a higher point

of view'. An education focussing extremely narrowly on

later professional act vities would nuL do juutico to the

characteristics of the scientific disciplines (B.O. Smith

1969, p. 114) and would leave the teacher with a rather

distorted view of mathematics. In addition, the unsecure

professional perspectives of teachers make separate study

courses for teachers have little to recommend themselves.

Instead, a high degree of flexibility in keeping the

options open between all kinds of study courses should

be aimed at.

We do maintaIn though that the teacher of mathematics,

as opposed to the future ocientist or mathematician in

industry, should receive a relatively broad mathematical

education extending over a range of mathematical disciplines.

The teacher - much more than for instance a research

specialist - needs a comparatively broadly based mathematical

education, on the one hand because of objective professional

demands, on the o her because the faculty to open up.

entirely new content areas in one's future professional

life cannot be rated very highly.

The time avallable for the subject component proper of

the study course is severely limited. It seems sensible

to try to meet the resulting problems by instituting,

for the subject studies of prospective teachers, a series

of additional special courses with a different, e.g.

application- or method-related, orientation. "Analysis

of Algorithms" (D. Knuth 1968) would for instance be

ad apprOpriate topic in this context. Above all, however,

the greater differentiation of the mathematical studies

of prospective teachers is supported by the fact that

mathematical knowledge plays a different role in the

activity of the teacher than in that of the mathematician

in industry or research: "Nevertheless, it is impossible
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to dIsregard the complicated relation between academic

disciplines and subject courses at general education

schools. Modern natural and social science disciplines

from which subject courses in secondary schools are

constituted arc highly specialized and rnpresent dynamic

research which very rapidly changes its Standpoints and

methods. At the same time from the point of view of pure

research the relation of knowledge in natural and social

science to man is not relevant. This relation is however

important if a secondary school subject course created from

a number of partial disciplines is to fulfil its educational

purpose. This fact also should be taken into consideration

in courses in academic discipline

whose preparation should, at leas

for prospective teachers

in some of its components,

differ from that of researchers - a d fferentiation which

should take place particularly at the end of the period of

study.

It seems that this solution has a certain hope of success,

while extreme orientation.of content and organization of

academic disciplines toward the teaching profession is

unacceptable to the university" (Kotasek 1972, p. 1 8).

It will be necessary to introduce a second level, a kind

of meta-level, as part of the study course. There, the aim

would be to gain 'knowledge about knowledge' as basis of

an introduction to the professional use of knowledge.

This 'knowledge about knowledge' would encompass first

of all knowledge of methodology and theory of science,

secondly of the history of science, and third, knowledge

of the relationship of mathematics to other subjects.

Aspeots_of methodolqgy_and_theory of science could initially

be treated on an explicitly theoretical level; topics e.g.

'Mathematical Abstraction and Experience', 'Methods and

Structures of Mathematics', 'Problems of Application',

'Mathematfcal Sciences and Teaching' (cf. in this context

e.g. Weyl 1966 and Otte 1974b).Jarallel to this there-is-

1 2
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the possibili y of personal learning st'ategies being made

conscious and developed while dealing with scientific

tOpics. Here, a special kind of anticipation of later

professional activities suggests itself: whoever, as a

student, has consciously followed his own learning process

in mathematics also in view of the relationship to various

teaching methods will have less difficulty in changing

over to the role of the teacher who must obviously keep

an eye on both sides of the teaching/learning process.

The so-called principle of congruence (van Dormolen 1974,

Springer 1973) attempts to provide a systematic foundation

for this connection.

Finally, the methodological aspect can also find expression

in practising special working procedures; a period of

practice in 'information processing' could for instance

provide explicit criteria about how to approach a

mathematical monograph, an entry in a work of reference,

a course book. Some of this can be realized within the

framework of the traditional seminars if these are provided

with a more method-conscious basis. "... in the conventional

lecture course it is the teacher who is responsible for

collecting and preparing the material. He it is who irons

out conflicting pieces of evidence, and evaluates alternative

presentations. He, the teacher, learns as a result - we all

know that the best way to learn a subject is to give a

course of lectures on it. Yet students are traditionally

denied such opportunities for learning" (Howson 1975,

p. 22 seq.).

If pieces of methodological information are presented in

too high a degree of 'isolation and purity', instead of

being organisatory elements they can turn into hindrances

pre-structuring too narrowly the learning capacity and

cognitive activity in a formal sense in relation to the

subject and contents. "Wenn methodologische Fragen einzeln

herauigestellt werden, erweisen sie sich filr den linter-.

richt els ein du0er1iches Wissenssystem und beeinflussen
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des Verständnis und die Aneignung der Inhalte im System

nur unwesentlich, d.h. das Ziel, dessentwegen sie eingefUhrt

werden, wird nicht erreicht. Werden methodologische Kennt-

nisse nur in das Material hineingearbeitet vorgetragen, ge-

winnen SchOler keine ganzheitlichen Vorstellungen Uber die

Methoden der wissenschaftlichen Erkenntnis daher ist es

zweckm861g, methodologische Kenntnisse Uberwiegend in

das Sachmaterial einzubauen, sie dabei aber einzeln heraus-

zustellen" (Zorina 1975).

It is our experience, too, that a "two track approach' is

necessary. Methodological knowledge has to a certain extent

to be presented explicitly in advance, since in teaching

one has to work right from the start with general

scientific terms ('definition', 'concept', 'method' etc.)

whose structure and meaning should at least roughly be

familiar. Billeh et al. (1975) report on an empiric

experiment in conjunction with a summer course for science

teachers comprising the following topics: "What is science?;

Science and common sense; science and technology; art

of scientific investigation; nature of scientific knowledge

(characteristics, classiftcation, scientific theories,

and models); growth and development of scientific knowledge;

and sociological aspects of science" (Billeh/Hassan 1975,

p. 211) emphasising that "... the major component of the

training course that has contributed to the gain in

teachers' understanding of the nature of science was the

formal instruction in the nature and structure of science"

(Billeh/Hassan 1975, p. 216; similarly Carey et al. 1970).

To redress the balance it must be pointed out that

methodological information necessarily has a partly

formal status and should therefore as far as possible

always come into its own a second time as generalization

of experience gained from actual contacts with the subject

ma ter itself.

Historic aspects of science shoul_ form an integral part

of the studies of teachers tO pass on at least some
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elementary knowledge about the dynamics of concept

development, of the specific nature of mathematical

matters and an understanding of interdependence of the

history of mathematics and social development. A

systematic justification can be found in Otte (1974a);

an adequate description of the problems connected with

the incorporation of historic aspects is given in

Howson (1975): "Yet teaching the history of mathematics

presents a great challenge. It is very easy for it do

degenerate into a collection of anecdotes,

An example of what an adequate conception of teachers'

studies could look like can be taken from a publication

by Lakatos (1963). As regards the state of development

in view of the actual incorporation of aspects of the

history of science the following statement by Howson

(1975, p. 21) is probably representative also for

other countries: "In England it is not usual to offer

a course on the history of mathematics within the framewo k

of the undergraduate course.,Indeed, I believe, that

Southampton is now unique in presenting such a course

and in permitting the student's work in it to affect

his degree classification."

Knowledge about the re1atonshi between mathematics and

other school sub'ects belongs to the essential amount

of knowledge of prospective teachers. The treatment of

applicational problems of mathematics presupposes already

some minimal knowledge of other subjects, and this is

even more so for complex objectives such as 'multidisciplinary

teaching'. Knowledge of this kind can be acquired within

the framework of special courses, e.g. on the theory

of science, but also by studying a second subject. Usually,

studies in two subjects are recommended for school

organisatory reasons (e.g. in Kotasek 1972, p. 199; or

in the National Council of Teachers of Mathematics,

14th Yearbook 1966). Ecmever, there are-also internal

reasons for s udies in a second Subject: certain multi-

I_ '6
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disciplInary qualifications can be gained most economically

or perhaps even exclusively on a comparative basis. In its

most radical form this insight leads to the demand (OECD

1972, p. 234): "It is necessary for the future teachers

to get the feel and practice Of pluridisciplinarity

right away."

The demand for studies in two subjects for teachers of

mathematics does not necessarily imply that the second

subject must be one ef the natural sciences. On the

contrary, to develop a realistic view of the possibilit es

and limitations of mathematics and in order to keep a

reciprocal check on one-sided views as encouraged by

subject-specific studies it is in particular the combination

with a subject from the social sciences which offers

excellent possibilities. Since there is not doubt that

the teacher is faced with enormous problems of integration

in the cognitive field, problems of the relatienships

between the various disciplines of the natural and the

social sciences 11-e deservedly of interest for teacher

education. It is well conceivable that the cooperation

between teachers of different school subjects later in

everyday school teaching is as highly important as the

so far underdeveloped though essential cooperation and

communication between the teachers of mathematics themselves.
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